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PREFACE. 


THE present volume contains fourteen papers presented at the 
Annual General Meeting held in London on May 3rd to 5th, 1939, 
together with the discussions and correspondence on them. The 
following three Special Reports : 


Special Report No. 24.—‘‘ Second Report of the Alloy Steels 
Research Committee,”’ 

Special Report No. 25.—“ Eighth Report on the Hetero- 
geneity of Steel Ingots,”’ 

Special Report No. 26.—‘‘ First Report on Refractory 
Materials,”’ 


were also presented and the discussions to which they gave rise and 
the replies thereon are included in the present volume. 
Discussions, &c., on the following papers : 


“The Development of the Open-Hearth Steelmaking Pro- 
cesses in Recent Years in the United States of America,” 
by L. F. Rernartz, 

* American Electric-Furnace Practice,” by W. M. Farns- 
WORTH and E. R. JoHNSON, 

“Electric Furnaces in European Steelworks,’ by D. F. 
CAMPBELL, 

“The Quench-Ageing of Steel,’ by Professor J. H. ANDREW 
and E. M. TRENT, 

“ American Soaking-Pit and Reheating-Furnace Design and 
Practice,’ by Freperick M. Gmuies and Epwin D. 
MaRTIN, 


which were presented at the Autumn Meeting in 1938 and printed 
in the No. II. Journal for that year, are also included in the 
present Journal. 

As in preceding years, the volume is divided into two main 
Sections. Section I. opens with the Minutes of Proceedings, 
including the speeches made at the Annual Dinner, the Report of 
Council and Statement of Accounts for 1938, and the papers 
enumerated above. 

Section II. is devoted to a survey of the literature on the 
manufacture and properties of iron and steel, and kindred subjects, 
and consists of a collection of abstracts of articles from the Trans- 
actions and Proceedings of scientific societies and from the technical 
press. This Section also contains reviews of recent books and 
bibliographies of literature dealing with the manufacture and pro- 
perties of iron and steel. The matter included in this Section has 
already appeared in the Bulletin of the Iron and Steel Institute, 


which is issued monthly. 
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PREFACE. 





In front of the title page is inserted a list of the British Stan- 
dardised Steel Samples issued jointly by the Iron and Steel Institute 
and the National Physical Laboratory, showing where and on what 
terms the samples are available. Proposal forms for Membership 
and Associateship and also for Joint Membership of this Institute 
and the Institute of Metals will likewise be found in the same 
place. 


4, GROSVENOR GARDENS, 
Lonpon, S.W. 1. 
August, 1939. 
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Editorial assistance has been given by A. E. Cuarttin, B.Sc. (Hons. Met.), A.L.C., 
Assistant Secretary, in the preparation of this Section. 








MINUTES OF PROCEEDINGS 


AND 


PAPERS AND DISCUSSIONS 


AT THE 


ANNUAL MEETING, 1939. 


THE SEVENTIETH ANNUAL MEETING OF THE IRON AND STEEL 
InstituTE was held at the Institution of Civil Engineers, Great 
George Street, Westminster, on Wednesday, Thursday and Friday, 
May 3, 4 and 5, 1939. The Rt. Hon. the Karu or Dun ey, M.C., 
President, occupied the Chair. 


WEDNESDAY Morninea, May 3, 1939. 


The Meeting opened at 10 a.m. on Wednesday, May 3, 1939, 
the President being in the Chair. 


Welcome to Members Attending the Meeting. 


The PresipENT (Lord Dudley), on behalf of the Council, welcomed 
the Members and said that he was glad to see that in spite of their 
many other urgent duties there was a good attendance. 

The Council were very glad to see so many Members from countries 
overseas. He believed that representatives from America, Belgium, 
France, Germany, Luxemburg, and Sweden, as well as Members 
from India and the British dominions would be attending the 
Meeting. If there were representatives present from other countries 
which he had not enumerated, he welcomed them with equal 
sincerity. He hoped that they were as pleased to see their British 
colleagues as their British colleagues were to see them. The 
Institute was proud of its international membership, and the 
British Members wished to assure their colleagues in countries 
overseas that they valued their collaboration and friendship more 
than they could say. 

He desired particularly to welcome Dr. Paul Merica, and to 
extend to him the most sincere gratitude of the Institute for the 
part which he had played in arranging the hospitality which was 
to have been extended to Members of the Institute had they been 
able to visit the United States of America last autumn. A wonderful 
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programme had been drawn up by Dr. Merica and his colleagues, 
and it was to the deep regret and disappointment of the British 
Members that the crisis had prevented them from taking part in it. 
Circumstances were not suitable for a visit this year, but if an invita- 
tion were extended to the Institute at some future date, it would be 
accepted gladly. 


Message of Greeting from the Verein Deutscher Eisenhiittenleute. 


The Secretary (Mr. K. Headlam-Morley) announced that a 
telegram had been received from the Verein Deutscher Eisenhiitten- 
leute, signed by Dr. Goerens, Acting President, and Dr. Petersen, 
Director, of which the following was a translation : 


“We send you all heartfelt greetings and good wishes on 
the occasion of your Annual Meeting. May your deliberations 
be successful in every way. We think to-day particularly of 
our Honorary Member, Mr. Henderson, to whom you are to-day 
giving the Bessemer Medal, the highest honour which you can 
bestow. We are as delighted as you at the honour which has 
been awarded to Mr. Henderson, whom we, too, hold in honour. 
We send him our most sincere congratulations.” (Applause.) 


Presentation of the Report of Council and Statement of Accounts 
for 1938. 


The PrestpEnt (Lord Dudley) suggested that in accordance with 
the usual practice the Report of Council (see pp. 39 P to 73 P) 
and the Minutes of the previous Meeting, should be taken as read. 
This was agreed. 


Obituary. 


Thirty-one Members had died during the past year, and they 
included many who had taken a very active part in the work of the 
Institute. He would mention by name only Mr. Alfred Hutchinson, 
his predecessor in office as President, the Duke of Devonshire, who 
was President in 1910, Professor W. A. Bone, F.R.S., and Professor 
Fritz Wiist, two of the most distinguished Honorary Members 
of the Institute, and Mr. Axel Wahlberg, a former Director of 
Jernkontoret and a Bessemer Medallist. During the last few 
weeks the deaths had been reported of another Past-President and 
Bessemer Medallist, Professor Henry Louis, and of a distinguished 
French colleague and Honorary Member of Council, Monsieur 
Alexandre Dreux. The sympathies of the Members would be 
extended to the families of all those who had passed away, and he 
would ask those present to stand for a few moments in silence 
as a token of respect. 
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General Review. 


He wished to thank the Members and his colleagues on the 
Council for inviting him to serve as President for another year, 
and hoped he would justify their choice. The beginning of his 
second year of office provided a suitable opportunity for taking 
stock and for assessing the progress which had been made. He 
had been reluctant to serve as President for a second year, but the 
Institute had issued a very important appeal in connection with their 
move into their new offices and with an attempt, which he was deter- 
mined should prove successful, to place their finances upon a more 
stable basis; he felt that as he had had a certain amount to do 
with the preliminaries of that appeal it would be unfair to place 
the work on other shoulders before it was completed. 


New Offices. 


At the end of June of last year the Institute, as was well known, 
moved into new offices at No. 4 Grosvenor Gardens. That would 
remain one of the most important land-marks in the history of the 
Institute. The move was arranged when Mr. Hutchinson was 
President and it was right that his Presidency should always be 
remembered for that reason, but personally he was glad that the 
Institute had moved at a time when he himself had been given the 
opportunity of influencing the steps to be taken which arose out 
of this decision. 

The step was of more than ordinary importance, because for the 
first time the Institute now had a proper house to serve as offices 
and headquarters for its activities. . Up to now further development 
had been impossible; it had not been possible to house a greater 
staff, to expand the records or to make full use of their important 
library. They were now reorganising all their activities in order to 
make sure that all branches were as efficient as they could possibly 
be made, and they would then be ready for such development or 
increase in their activities as might seem desirable in the interests 
of the Members and of the industry as a whole. Without a house 
of their own that would not have been possible. 

The Council hoped that No. 4 Grosvenor Gardens would become a 
centre of research worthy of the traditions inherited from their 
predecessors. They also hoped that the headquarters would be 
looked upon by Members as a centre which they could use freely 
when in London. Members should make the freest possible use of 
it, and should get into the habit of going there to use the library 
and reading room, to meet friends or to pass an idle half-hour. 
They would always be welcome, and he thought that they 
would find the house comfortable and suitably arranged for those 
purposes, 
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The Institute of Metals. 


The arrangements with the Institute of Metals, to which he 
had referred a year ago, were, he was glad to say, working well. 
The Institute of Metals had leased the fourth floor and half the 
third floor of No. 4 Grosvenor Gardens, and were, he believed, 
finding their offices convenient and comfortable. The two In- 
stitutes were sharing committee rooms, and to their mutual ad- 
vantage the libraries had been joined. Mr. Elsdon and his staff 
were responsible for seeing that the Joint Library was maintained 
in the interests of both Institutes, and a Joint Advisory Committee, 
with Dr. Desch as Chairman, had been set up. It was intended to 
develop the library and the information services operated in con- 
nection with it in such a way that they would be of increasing use 
to all sections of the industries served by the two Institutes. They 
were fortunate in having in Mr. Elsdon a librarian who would see 
that that was the case. 

How much the policy of co-operation with the Institute of 
Metals was justified was shown by the fact that nearly 600 Members 
of the Iron and Steel Institute were members of both bodies. He 
would like to thank the Council of the Institute of Metals for the 
great help received from them in all the discussions, and would 
particularly thank Dr. Desch, who, as President of the Institute of 
Metals and a Vice-President of the Iron and Steel Institute, had 
been a constant standby. He would also like to thank Mr. Shaw 
Scott, the Secretary of the Institute of Metals. 


Research. 


Much progress had been made during the year in collective 
research for the industry, and the Institute’s activities in that 
direction had increased very considerably. Two of the Vice- 
Presidents of the Institute, Sir William Larke, K.B.E., and Dr. 
W. H. Hatfield, F.R.S., were Chairmen respectively of the Iron 
and Steel Industrial Research Council of the British Iron and Steel 
Federation and of the Programme and Finance Committee of that 
Council. Those were the bodies organised by the Federation to take 
charge of collective research for the industry, and the Institute was 
represented upon them. The Institute’s four major Research 
Committees, which were Joint Committees with the Federation, 
had continued their work in a very active way during the year; 
two had presented Reports last year and the Reports of two were 
being presented at this Meeting. Those Committees now had twelve 
or more Sub-Committees attending to special problems. He would 
like to thank Dr. Hatfield, who was Chairman of three of those 
Committees, and Mr. Dawson, the Chairman of the Steel Castings 
Research Committee, for their valuable work during the year, and to 
express the pleasure felt by the Council at the close collaboration 
which had been established with the Federation and the Research 
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Council, as well as their appreciation of the encouragement given to 
research for the industry by the Government through the Depart- 
ment of Scientific and Industrial Research. (Applause.) 


Membership. 


He was pleased to be able to report that for the third. year in 
succession the number of Members constituted a record, the previous 
highest figure of the year 1921 being now exceeded by about 400. 
It was considered, however, that the potential membership was 
still considerably greater, and he would urge Members during the 
forthcoming year to do everything possible to increase the member- 
ship of the Institute and to encourage their friends in the industry 
to join. It was in the interests both of the Institute and of the 
industry that the membership should be as large as possible, and 
the object should be to ensure that all who were interested in 
production and technical development were Members of the Insti- 
tute. He would particularly urge companies from which the 
Institute was receiving special subscriptions to nominate members 
of their staffs to join under the arrangement by which their 
entrance fees and first year’s subscriptions were set against the 
amount of the company’s subscription. 


Activities and Publications. 


It was unnecessary for him to enlarge on the activities of the 
Institute, which were well known to all its Members, but he would 
like to draw attention to its publications. In addition to the usual 
two volumes of the Journal and one volume of Carnegie Scholarship 
Memoirs, the Institute had published in 1938 their monthly Bulletin 
of abstracts, two Reports of Research Committees and a Symposium 
on Steelmaking. Suggestions were sometimes made that the 
Institute’s proceedings were not of direct interest to the practical 
man. He was not certain whether that criticism had ever been 
justified; certainly the Council had always wished to maintain a 
just balance between science and technique; but however that 
might be, among the papers published last year were many which 
under any criterion must be called of practical interest. He did 
not think that there could be any doubt about the merit of those 
papers. 

In referring to the publications of the Institute, he would 
like to express the Council’s satisfaction at the able way in which 
Mr. Chattin and his editorial staff fulfilled their laborious and 
important duties. He would also like to thank the authors of all 
the papers and the managements of companies for allowing members 
of their staffs to contribute to the Symposium on Steelmaking. 

It was proposed next year to hold a Symposium on Blast-Furnace 
Practice. 
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House Fund and Industrial Subscriptions. 


Development usually involved expenditure, and one of the most 
serious problems which the Council had had to face during the past 
year had been that of financing the developments to which he had 
referred. For some years the Institute had been receiving special 
subscriptions from companies and associations in the industry. 
He would like most sincerely to thank all the subscribers; without 
their help the activities of the Institute would have had to be greatly 
curtailed. The Special Subscriptions Fund, however, was in many 
ways not entirely satisfactory. Subscriptions were received from 
fifty or sixty companies only, and it seemed unfair that the cost, 
which was by no means unreasonably large, should not be shared by 
all the companies in the industry. Again, the amounts subscribed 
by different companies bore little relation to their size or to their 
wealth. It seemed that the burden should be more fairly shared. 
From the point of view of the Institute the most serious drawback 
was that it was not known for how long the subscriptions would be 
paid. If they suddenly came to an end or were seriously reduced— 
and they were liable to cancellation at any time, at the discretion 
of the boards of the various companies—the Institute would be 
faced with a most serious position. It was felt only reasonable, 
therefore, that some degree of continuity should be asked for to 
enable a satisfactory financial policy to be drawn up. 

Most of the Members would have received a day or two before 
copies of an appeal which his colleagues on the Council and he 
had decided to issue. They were asking the industry to subscribe 
£15,000 to the Institute’s House Fund to cover the expenses of the 
move to their new offices, and to promise to pay subscriptions for 
a period of seven years. If subscriptions were paid under covenant 
the Institute, which was a charity within the meaning of the Finance 
Acts, would be entitled to reclaim the income tax, and that would 
be of considerable benefit to the finances of the Institute. 

The appeal had been circulated to British Members for their 
information, and he would like to ask those who were associated 
with companies and firms connected with the industry in Great 
Britain to urge these companies and firms to subscribe to both parts 
ofit. It was addressed to companies and firms and not to individuals, 
because the extra expenditure which the Institute had incurred 
during recent years was largely due to work which was being done 
for the industry, and it was therefore thought that the industry 
rather than individual members engaged in it should be asked to 
give their support. The matter was regarded as a domestic one, 
so that the circular had not been sent to non-British Members. 
Contributions from companies represented on the Council had already 
been promised; they included donations of £9,500 to the House 
Fund and subscriptions of about £2,000 a year for seven years, 
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mostly under covenant. The donations varied in size from £1,000 
to £100, and the annual subscriptions from £250 to £25. 

The proposal had been considered of suggesting that the size 
of the subscription might depend on tonnage produced, but that 
proposal proved unsuitable and in any case could not have been 
applied to those companies and firms which were not producers but 
which were nevertheless closely connected with the industry. 
It was, however, suggested that subscriptions should in a rough 
and ready way correspond to the size of the company or firm in 
relation to the industry asa whole. For example, his own company 
had agreed to give a donation to the House Fund of £100 and to pay 
an annual subscription of £25 for seven years under covenant. 
They were one of the smallest companies, and, he could assure them, 
his colleagues on the board thought that they were being quite 
generous; these sums were, if anything, larger than the strict 
relation of his company to the industry as a whole would suggest. 
If other companies would subscribe the same amounts the success 
of the appeal would be assured. Many big companies had given 
£500 to the House Fund and agreed to subscribe £100 a year, and a 
few of the biggest groups had agreed to give twice these amounts 
or more. He would like to thank all those who had expressed their 
willingness to subscribe. 

He was convinced that the best service which he could render 
to the Institute during his coming year of office was in connection 
with this appeal, and it was his ambition to leave the finances of the 
Institute in a satisfactory condition at the conclusion of it. He 
hoped that all the British Members of the Institute would help 
him in that, and that those connected with companies and firms 
would persuade them to subscribe to both parts of the appeal. 
Their object should be the receipt of contributions from all members 
of the Federation as well as from companies and firms which though 
not in the Federation were connected with the industry and with the 
work of the Institute. Those which could not afford to contribute 
£500 or £100 to the House Fund would, he hoped, give at any rate 
something, and those who could not afford a subscription of £100 
or £25 a year would, he hoped, give five or ten guineas. 

Before proposing the adoption of the Report of the Council he 
would ask the Hon. Treasurer, Mr. Henderson, to present the 
Accounts. 


Mr. JAMES HENDERSON (Hon. Treasurer) presented the Accounts 
as set out in the Report of Council. He thanked Sir Harold 
Carpenter for his kindness in undertaking the duties of the Treasurer- 
ship during his own absence for some five months when visiting 
Australia and New Zealand last winter. 

Referring to the appeal with which the President had been 
dealing, he said that, although it was being made to firms and 
companies, that by no means implied that if any private Member 
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desired to make a contribution it would be refused. Another way 
in which private Members might assist was with gifts in kind: 
anything in the nature of an embellishment for the new premises 
would be welcome. As an example, the Institute was indebted to 
Sir William Larke for a very interesting and historic Sussex fire- 
back, and to Mr. Harbord for having secured for the Institute 
the portrait of Sidney Gilchrist Thomas, by Sir Hubert von Her- 
komer, R.A., which had recently been presented by Mr. Thomas’s 
sister, Mrs. Lilian Gilchrist Thompson. Other members might 
have in their possession articles of definite decorative, historical 
or artistic value which they might be willing to contribute to the 
furnishing of the new house. 


The PresivEnt then formally moved the adoption of the Report 
of Council and Accounts. 


Sir W. Peter Rywanps, J.P. (Past-President), who seconded 
the motion, emphasised what the President and the Treasurer had 
said with regard to the new premises of the Institute. Most of 
the Members, he remarked, must for many years past have been 
deeply sensible of the unworthiness of their old premises for such a 
world-wide body as the Institute. It was sometimes important to 
put attractive goods in the shop window, and he always felt that 
when visitors came from overseas they would regard with some 
astonishment the fact that this great iron and steel industry should 
have such offices as those in Victoria Street. Possibly the reason 
lay in our national character. The Institute was largely founded 
by individuals and the whole basis of the finance rested upon 
individual subscriptions. It was obvious, however, when dealing 
with such a large question as the technique and science of the pro- 
duction of iron and steel, that the financial responsibility should 
rest on the interest of the great producers rather than on the shoulders 
of individuals. The Institute had now moved to new premises 
and he sincerely hoped that all the Members would take the oppor- 
tunity of visiting them. The reproach which rested on the Institute 
in the past had been completely removed, and the new house should 
stimulate financial support and also increase the interest of the 
Members in the Institute’s activities. The fact that the number 
of Members attending the dinner on the present occasion showed an 
enormous increase over previous years demonstrated that there had 
been a great stimulation of interest in the work which the Institute 
was doing. In view of the character of the new premises belonging 
to the Institute and to the great increase in the Institute’s activities, 
he felt confident that the appeal for support which was being made 
would be completely successful. 


The PrEstpENT, before putting the motion, expressed on behalf 
of the Council their grateful thanks to Mr. Henderson, the Hon. 
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Treasurer, for the care with which he looked after the finances of 
the Institute and for the time and trouble which he devoted to its 
affairs. (Applause.) Mr. Henderson had been, he said, of the 
greatest help on the Council and in ail matters connected with the 
move to the new premises had been a tower of strength. He also 
thanked the members of the Finance Committee and their Chairman, 
Sir Harold Carpenter. Sir Harold, he remarked, had added to his 
services to the Institute by accepting this new office. He would 
like to tender to Sir Harold his personal thanks for deputising for 
him at the Autumn Meeting last year during his absence in America. 


The motion was carried unanimously. 


Autumn Meeting, 1939. 


The Prestpent (Lord, Dudley) announced that the Autumn 
Meeting would be held at Cardiff from the 12th to the 16th September. 
Visits would be paid to the works of Guest Keen Baldwins Iron and 
Steel Co., Ltd., Guest Keen and Nettlefolds, Ltd., the Ebbw Vale 
plant of Richard Thomas & Co., Ltd., and to the works at Newport 
of John Lysaght, Ltd., the Newport and South Wales Tube Co., 
Ltd., and the Whitehead Iron and Steel Co., Ltd. 


Presentation of the Bessemer Gold Medal for 1939 to Mr. James 
Henderson. 


The PREsIDENT (Lord Dudley) said he had a very pleasant duty 
to perform, namely, to announce that the Council had decided to 
award the Bessemer Gold Medal for 1939 to Mr. James Henderson. 
(Applause.) He had some difficulty in finding suitable words in 
which to make the presentation. Mr. Henderson, the Members 
would feel, was one of themselves, and in honouring him they were 
at the same time giving great pleasure to themselves; they basked 
in his reflected glory and were proud to be associated with him. 
When they thought of him as a friend it was with feelings of deep 
affection; when they looked back on his career it was with admira- 
tion at all that he had accomplished; when they reflected on the 
long period during which he had been engaged in the industry, it 
was with amazement at his eternal youth. Last month Mr. Hen- 
derson returned from Australia, and next week he was sailing for 
America; the Members were glad that he would represent them at 
the General Meeting of the American Iron and Steel Institute, 
where he was going to read an important paper. (Applause.) 

The award was being made to Mr. Henderson in recognition of 
his life-long service to the industry and in thankfulness and gratitude 
for the encouragement which he had given in act and by example 
to technical development. His career had special significance for 
all who were making iron and steel in the various works and was an 
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encouragement to them. In the forty-five years during which Mr. 
Henderson had been in active service with the Appleby-Frodingham 
Iron and Steel Company he had held every position from Chemist 
to Managing Director and he was now Deputy-Chairman—a very 
fine record indeed. He was regarded with great affection by his 
staff and by his colleagues—the affection all felt for a man who 
knew his job, for a man who could be trusted, and for a strong man 
who had no need to parade his strength. 

The great improvements which Mr. Henderson made at his works 
while associated with them were well known, and it was right that 
public acknowledgment should be made of the credit due to him, 
especially as he himself was more than usually modest. The award 
of the Medal would serve as a public and lasting tribute to the 
encouragement which Mr. Henderson had given to the practical 
development of the iron and steel industry and to scientific investi- 
gation. It was perhaps natural that his services in recent years 
should be prominent in the recollection of those engaged in the 
industry. On attaining an age when most men retired, he exchanged 
the activities of Lincolnshire for the strenuous life of London. He 
had been President of the British Iron and Steel Federation and 
Chairman of the Research Council of that body, while as Hon. 
Treasurer of the Institute he had given devoted service and much of 
its recent development was due to his inspiration, courage and 
activity. (Applause.) All the Members would hope that those 
valuable activities would continue for many years, and it was with 
an expression of their renewed gratitude and admiration that the 
award was made to Mr. Henderson. (Applause.) 


Mr. JamES HENDERSON said that it was almost impossible for 
him to say adequately how deeply he appreciated the generous and 
more than kind phrases which the President had used in presenting 
the Bessemer Gold Medal to him, and it would be equally difficult to 
say how grateful he was to the Council of the Institute for awarding 
so great an honour to him. 

Before attempting that task, he would like to say a few words 
about the great man whose name became almost a household word 
many years ago—so many that the significance of his career might 
have become perhaps a little distant if not dim. Henry Bessemer 
was born in 1813 in the village of Charlton in Hertfordshire. His 
father, though born in London, had spent some years in Holland 
and Paris, returning to Britain at the time of the French Revolution. 
He was a mechanical engineer of talent and his son inherited his 
genius; the young Henry early showed his bent and was encouraged 
by his father in every way. 

Henry Bessemer came to London in 1830, and after some years 
acquired Baxter House in the parish of St. Pancras, where he carried 
out many of his experiments and investigations. Later he lived at 
Denmark Hill, London, in a house which, it was interesting to notice, 
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lay within a stone’s throw of the house where Sidney Gilchrist 
Thomas spent his boyhood. 

Bessemer’s researches and inventions covered the widest range 
of arts and manufactures, and some of them actually anticipated by 
decades their successful application; to take one instance only, 
nickel steel was made and described by Bessemer in 1858. It would 
take too long to give a detailed list of all the work that he did, 
but there was a copy of his Autobiography in the Library of the 
Institute, the perusal of which was to be recommended to every 
enquiring mind. Bessemer’s first patent was taken out in 1838 and 
his last in 1883, covering a period of forty-five years, and during 
this period he spent over £10,000 in patent fees. 

Bessemer’s name, however, would always be remembered in 
conjunction with the Bessemer process, the first mass-production 
method of making steel; this therefore marked the opening of a 
new era in the development of the industrial age. It appeared that 
in carrying out experiments at Baxter House for the refining of 
cast iron, he found that he could produce steel with the utmost 
simplicity and without fuel. He patented the process in 1855 and 
first made it public in a paper presented to the British Association 
in 1856. Such a novel process necessarily required much plant and 
machinery of a novel character, and the very greatest credit was 
due to Bessemer for the ability and energy which he brought to the 
practical solution of the problems he encountered. 

To come to the early association of Bessemer with the Institute, 
the Iron and Steel Institute was founded in 1869 with the seventh 
Duke of Devonshire as its first President. Henry Bessemer followed 
him as President for the years 1871-1873, and it was in 1873 that 
he handed over to the Institute an invested sum of £400, the interest 
on which was to provide a gold medal which was to be given to 
persons who had performed some meritorious service to the iron and 
steel industry. Bessemer also presented interesting specimens of 
the earliest Bessemer steel, and the Institute possessed a portrait 
of him done at the time of his greatest activity, while recently his 
grandson Mr. H. W. Bessemer had presented to them the great 
French clock which once stood in the hall of his house at Denmark 
Hill and which now stood in the hall of the Institute’s headquarters 
in Grosvenor Gardens. 

The third President of the Institute was Sir Lowthian Bell, who 
in 1874 became the first recipient of the Bessemer Medal. It was 
extremely appropriate that the next Medallist should be Sir William 
Siemens, the inventor of the other great steelmaking process. Since 
that time the Medal had gone to men of fame not only in Britain but 
in America and in nearly every steelmaking country in Europe. 
Looking down the list, he was greatly impressed by the honour which 
he had received that day in following a succession of the illustrious 
dead and of great men still living. The fact that he could not claim 
to have any outstanding invention to his name or to be the author of 
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any learned paper would, he felt, encourage others of equally modest 
parts. It was true that he had devoted the whole of his working 
life to the iron and steel trade with what success the President had 
been too generous in describing. He wished to take the opportunity 
once more to pay a tribute to his late chief, Mr. Max Mannaberg, who 
started the works at Frodingham; he regarded it as a great piece of 
good fortune to have been associated with Mr. Mannaberg in that 
undertaking. 

There was one person without whose help and inspiration he 
would not be standing where he did that day. No man had ever 
had a truer partner in life, and he was happy that his wife was 
present that morning to witness and to share in the great honour 
which had cometohim. (Applause.) He was particularly delighted 
that she was present as she was known to some of those who had 
taken part in the Institute’s foreign meetings; he felt he could 
safely say that she had on some occasions added to the gaiety of 
nations and graced some very notable gatherings. (Applause.) 

He tendered his most grateful thanks to the Council for making 
the award, and to the President for the particularly happy way in 
which he had presented the Medal. He would also like to thank 
the Members present and the many absent friends who had written 
to him. (Applause.) 


Andrew Carnegie Gold Medals. 


Award of a Carnegie Gold Medal to Dr. Wolfram Ruff. 


The PrestpEnt (Lord Dudley) announced that this year the 
Council had adopted the rather unusual course of awarding a Car- 
negie Gold Medal for a paper published nearly three years earlier, 
namely, in 1936. The award was made to Dr. Wolfram Ruff, then 
of the Bergische Stahlindustrie, Remscheid, Germany, for a paper on 
“The Running Quality of Liquid Malleable Iron and Steel.” 
(Applause.) The paper had proved of interest to the Steel Castings 
Research Committee, and it was considered only right that acknow- 
ledgment should be made of an interesting piece of individual 
research which was exactly of the kind which the Carnegie Scholar- 
ships were designed to encourage. Dr. Ruff could not come to 
England to attend the Meeting, but the Secretary would be asked 
to send the Gold Medal to him. 


Award of a Carnegie Gold Medal to Dr. James White. 


Continuing, the PrEsIpENT said that the Council had decided 
to award the Carnegie Gold Medal for 1938 to Dr. James White, of 
Glasgow, for his paper on “‘ Equilibrium at High Temperatures in 
Systems Containing Iron Oxides.” (Applause.) In presenting the 
Medal to Dr. White, the President congratulated him on receiving 
the Medal and also on the doctor’s degree which, he understood, 
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had been awarded to Dr. White for the work reported in the paper. 
The work which was being done at Glasgow on slag systems, under 
the direction of Professor Hay, was of exceptional interest and 
importance, and he was pleased to think that by the award of a 
Carnegie Scholarship to Dr. White the Institute had been able to 
assist his chief collaborator, and that now by the award of the 
Carnegie Medal it was possible to acknowledge a very fine piece of 
research which was of great practical importance to the industry. 


Williams Prize. 


The PrestpENT (Lord Dudley) announced that the Williams 
Prize for 1938 had been awarded to Mr. D. V. Krishna Rao for his 
paper on “ The New Steel Plant of the Mysore Iron and Steel Works, 
Bhadravati, India,” (applause), which was printed in the second 
volume of the Journal for 1938. Mr. Krishna Rao had been unable 
to come to England to attend the Meeting, and the Secretary would 
send the diploma and Prize to him. The Institute was very pleased 
that the Prize should have gone to India. 


Ballot for the Election of New Members and Associates. 


Mr. L. G. Earzz (Sheffield) and Mr. S. G. Hock (Workington, 
Cumberland) were appointed scrutineers of the ballot, and they 
subsequently reported that the following eighty-one candidates for 
membership and twenty-four candidates for associateship had been 
duly elected : 


Members. 


ARCHER, RoBeErtT 8. , 
ARMSTRONG, CHARLES Epwarp 
AscouacH, Harry Harris 
Atkins, ARTHUR HENRY, 
M.I.Mech.E., A.M.I.E.E. 
BAILEY, Wit1aM HEAP 
BARNES, REGINALD, Assoc. Met. 
BaRRAtTT, WILLIAM MALTBY . 
BERNARD, ANDREW CORMIE, 
A.M.I.Mech.E. . 
BucHANAN, JOHN, A.M. I. Mech. E. 
CHARLIER, PreRRE 5 Is : 


CHARPENTIER, Jngénieur Général 


(CHESTERS, JOHN Huau, Ph.D., B.Sc. 


CoorerR, WitLIAM ERNgssT, F.I.C., 
M.ILA.E. . : : : 

Cox, JoHN W ILLIAM 

Craic, DonALD 

Craic, HERBERT STEWART 


Crow. E, REGINALD STANLEY, F CS. 


DANIEL, JOHN LESLIE 


Chicago, Ill., U.S.A. 
Millom, Cumberland. 
Middlesbrough. 


Liverpool. 

London. 

Millom, Cumberland. 
Letchworth, Herts. 


Burnside, Rutherglen. 

Belmont, Surrey. 

Montigny-sur-Sambre, Bel- 
gium. 

Paris, France. 

Sheffield. 


Ruislip, Middlesex. 
Kingston-on-Thames. 
Rotherham. 

Llanelly, Carmarthenshire. 
Millom, Cumberland. 
Brymbo, nr. Wrexham, 








De Sy, Professor ALBERT L. 


DoOUCHEMENT, JACQUES STANISLAS . 


DovuGuHeErty, Rosert 8. A. 
EDWARDS, Eric 

FIELDER, RICHARD GEroRGE 
GERBER, JACK SYDNEY . 
GINWALA, Sir PADAMJI PEstons1 


GREENWOOD, The Rt. Hon. Viscount, 


P.C., K.C. 

GREETHAM, THOMAS, F. C. Ss. 
HAMPSHIRE, ERNEST LLEWELLYN 
Harry, RatpH Gorpon, F.I1.C. 
Heyt, LAWRENCE . ‘ 
HINCKLEY, GILBERT PErcy 
Hotmauist, Harry Orro EpwIn 
Hsu, Tao-SHene, B.Sc.(Met.) . 
Iwata, TosHio, B.Eng.(Met.) . 


JENKINS, LESLIE R. E. 
JOLIVET, HENRI 

KABAYASHI, TORAO 
KALLAUNnER, Ing. Dr. OTAKER 
Kawakami, YosHIHIRO, D.Eng. 
Kinsey, A. J. . : ‘ 
LANES, FRANK m 
LINDERN, CORNELIS VON, jun. 


LiInLEy, ANTHONY, B.Met., Assoc. 


Met. 5 
Luioyp, “‘Douaras Howarp, F. I.C. 


Lorp, Wit11AM Martin, B. Se. (Tech. ) 


McLaAcuHLANn, JAMES 
McCLELLAND, E. H. 
Mattreout, Dott. LENO 
MECKES, GEORGE A. 4 
Meyer, Dr.-Ing. Fritz W. 
Moutr, Davip CARRUTHERS 
NEEF DE SAINVAL, ALBERT. 
NigHAWAN, Bat Rag, B.Sc.(Met.) 
OLIVER, GEORGE FREDERICK . 
PEELING, H. V., B.Sc. 

PomEy, JACQUES 

Ports, ALLEN D. : 
PRZEGALINSKEI, STANISLAW 


Ramu, CHAKRAVARTY SHRINIVAS, 


B.Sce.(Met.). 
ROSCcISZEWSKI, ANTONI . 
RowgE, Francis W. 
ScarRPA, OSCAR 
Scumipt. EUGENE . 
SHaun, IrnsHAD ALI 
SHARRATT, RICHARD E. . ’ 
Sxapsk1i, Professor Dr. ADAM . 
SKELTON, JOHN CHATTO , 
SMALLWOOD, JOHN WILLIAM 
SoLBorG, RoBert A. 
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Ghent, Belgium. 

Paris, France. 
Bethlehem, Pa., U.S.A. 
Rotherham. 

London. 

London. 

London. 


London. 

Millom, Cumberland. 

St. Margarets, Middlesex. 

Cardiff. 

Princeton, N.J., U.S.A. 

Sheffield. 

Copenhagen, Denmark. 

Yunnanfu, China. 

Sukegawa, Ibaraki-Ken, 
Japan. 

Workington, Cumberland. 

Ugine (Savoie), France. 

Mitakamura, Japan. 

Brno, Czechoslovakia, 

Kobe, Japan. 

Bushey, Herts. 

London. 

Delft, Holland. 


Sheffield. 

Birmingham. 

Todmorden, Lancashire. 

Gaythorn, Manchester. 

Pittsburgh, Pa., U.S.A. 

Milan, Italy. 

London. 

Winterthur, Switzerland. 

Consett, Co. Durham. 

Tilleur-lez- Liége, Belgium. 

Sheffield. 

Millom, Cumberland. 

Asansol, E.I.R., India. 

Billancourt (Seine), France. 

Lockport, N.Y., U.S.A. 

Warsaw, Poland. 

Tiruchengodu P.O. (Salem 
District), S. India. 

Warsaw, Poland. 

Penistone, nr. Sheffield. 

Milan, Italy. 

Valparaiso, Indiana, U.S.A. 

Sheffield. 

Blackburn, Lancashire. 

Cracow, Poland. 

London. 

Manchester. 

London, 
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SPOONER, EDWIN GEORGE 

TAYLOR, JAMES 

Tiwary, MITHILESH PRASAD 
TORRONTEGUI £ IBARRA, L. JOSE DE 
UpHam, EDwarp WILSON 
WALTERS, BERNHARDT, M.A. 
WarLow, JOHN HARRIES 

Witiiams, Esau ARTHUR 
WILLIAMS, GWILYM 

Wricut, HAROLD VERNON 
WyntTeR, HERBERT STANLEY . 

ZEA, YUE Kur 


Associates. 


AMBLER, JOHN SUDLOW . 

BRAMLEY, GEORGE E. A. 

CHARD, JOHN EDWARD . 
CRAWFORD, CHARLES WALTER J OSEPH 
FETTERS, Karu L. 

Fincu, GEORGE ARTHUR, B.S8e. (Met. ) 
Hots, JOSEPH BERNARD 

JONES, Davin J OHN, B.Sc. (Hons.) . 
LipsTONE, LESLIE ALFRED P 
Lone, ALFRED JAMES MARSHALL 
Matton, HucH DesmMonpD 
Meester, Henry S. 

MorGan, J OHN DavipD Dovexas 
PITTaway, CHARLES HENRY 
QUARRELL, ARTHUR GEORGE 
RiIcHARDSON, WILLIAM HENRY 
RitEy, RaupH Victor, B.Se. . 
SmirH, Harry, A.M.I.Mech.E. 
SUTCLIFFE, JOHN PETER 

TREMBLAY, RAYMOND JOSEPH. 
TREMLETT, HENRY FREDERICK 
Tu1tTE-DaAtTon, JOHN IRVINE . 
WiLLock, REGINALD RALPH 


Wo.re, KENNETH JACK BLACKLER, 
MSc., A.C. é " " 
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Calcutta, India. 

Oldham, Lancashire. 
Jamshedpur, India. 
Bilbao, Spain. 

Detroit, Mich., U.S.A. 
Swansea. 

Stocksbridge, nr. Sheffield. 
Swansea, 

Halesowen. 

North Harrow, Middlesex. 
Millom, Cumberland. 
Barrow-in-Furness. 


Sheffield. 

Sheffield. 

Beckenham, Kent. 

Chester. 

Cambridge, Mass., U.S.A. 

Corby, Northamptonshire. 

Sheffield. 

Wembley, Middlesex. 

London. 

London. 

Glasgow. 

Surigas, Philippine Islands. 

Abadan, Iran. 

Old Hill, Staffordshire. 

Sheffield. 

Thorner, Leeds. 

Halifax. 

Bury, Lancashire. 

Bramhall, Cheshire. 

Seattle, Washington, U.S.A. 

Sheffield. 

Bredbury, nr. Stockport. 

Kettering, Northampton- 
shire. 


Cowley, Oxford. 


Ablett Prize Paper. 
The PrEsIDENT (Lord Dudley) said that before discussing the 


Reports and ordinary papers which were to be presented at this 
Meeting, it was proposed to discuss first of all the Ablett Prize paper. 
Captain C. A. Ablett, O.B.E., had very kindly presented a Prize of 
£50 for the best paper on a subject connected with engineering in 
iron and steel works, the condition being that the paper should be 
written by a junior engineer employed in a works in Great Britain 
or the British Empire. It was Captain Ablett’s desire to encourage 
the younger engineers at steelworks, and the Council were grateful 
to him for his generosity in presenting a Prize for that purpose. 
They were also very pleased that his effort should have been so 
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successful; eight papers had been submitted in competition this 
year, and that to which the Prize had been awarded was, he under- 
stood, one of exceptional interest. 

The Council had awarded the Ablett Prize to Mr. H. Escher, of 
Australia, for his paper on “Ten Years’ Development in Steam 
Engineering at the Port Kembla Steelworks, New South Wales, 
Australia.” (Applause.) It gave the Institute great pleasure to 
know that the Prize was going to an Australian engineer who was a 
member of the staff of that well-known steelworks. 

He was also pleased to be able to announce that Captain Ablett 
had agreed to present his Prize again next year. 

As Mr. Escher was not in England, arrangements had been made 
for Mr. A. F. Webber to present the paper briefly, after which he 
would ask Captain Ablett to open the discussion. 


The paper itself and the discussion on it will be found elsewhere 
in this volume. 


Presentation of Papers. 
The following paper and Report were presented for discussion : 


H. Escuer: “Ten Years’ Development in Steam Engineering at the Port 
Kembla Steelworks, N.S.W., Australia ’’ (Ablett Prize Paper). 

** EriautH REPORT ON THE HETEROGENEITY OF STEEL Incorts.” Being a 
Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council (Special Report No. 25). 


After two Sections of the above Report had been discussed, the 
Meeting adjourned for lunch, the discussion being resumed in the 
afternoon. 


WEDNESDAY AFTERNOON. 


The Meeting was resumed at 2.30 p.m. In the unavoidable 
absence of the President during part of the proceedings, Dr. C. H. 
Descu, F.R.S. (Vice-President), was in the Chair. 


Presentation of Papers. 
The following Report and paper were presented : 
‘** EIGHTH REPORT ON THE HETEROGENEITY OF STEEL INGors ”’ (continuation 
of discussion). 


W. B. Lawrie: “ The Refining of Metal in the Basic Open-Hearth Furnace. 
The Influence of Fluorspar on the Process.” 


The Meeting adjourned at 5 p.m. until 10 a.m. on the following 
day. 
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Complete List of the Reports and Papers Presented at the Annual 
General Meeting, 1939. 





‘“SEconD REpPoRT OF THE ALLOY STEELS RESEARCH COMMITTEE.” 
Being a Report by a Joint Committee of the Iron and Steel Institute 
and the British Iron and Steel Federation to the Iron and Steel 
Industrial Research Council (Special Report No, 24). 

‘** EIGHTH REPORT ON THE HETEROGENEITY OF STEEL INGoTs.”’ Being 
a Report by a Joint Committee of the Iron and Steel Institute and 
the British Iron and Steel Federation to the Iron and Steel 
Industrial Research Council (Special Report No. 25). 

“First Report oN Rerracrory Materiats.”’ Being a Report of the 
Joint Refractories Research Committee of the Iron and Steel 
Industrial Research Council and the British Refractories Research 
Association (Special Report No. 26). 

F, G. Barker: “Some Applications of the Spectrograph to the 
Quantitative Analysis of Ferrous and Non-Ferrous Metals.” 

W. BetreripG@e: ‘ Nickel-Iron-Aluminium Permanent-Magnet Alloys.’ 

H. E. Buaypen, W. Nose and H. L. Rizey: ‘“ The Influence of 
Carbonising Conditions on Coke Properties. Part I1.—The Effect 
of Pressure, Temperature, Rate of Heating and ‘Soaking’ on 
Coke Strength.” 

E. W. Cotseck and R. P. GARNER: ‘‘ The Effect of Nitrogen Additions 
and Heat Treatment on the Properties of High-Chromium Steels.”’ 

C. A. Epwarps, F.R.S., H. N. Jones and B. Watters: ‘“ A Study of 
‘ Strain-Age-Hardening ’ of Mild Steel.” 

W. B. Lawrie: ‘ The Refining of Metal in the Basic Open-Hearth 
Furnace. The Influence of Fluorspar on the Process.” 

L. Nortucortr: “ The Application of the Durville Rotatory Process to 
the Casting of Steel.” 

J. W. Rope@rers and H. A. Warnwricut: “ The Strain-Ageing of Dead- 
Mild Steel Strip Used in the Pressing of Automobile Bodies and 
Accessories,”’ 

W. J. Rees: ‘ Note on the Slow Cooling of Ingots.” 

T. F. Russert: ‘Interpretation of Thermal Curves and some 
Applications to Ferrous Alloys.” 

Haakon Styrtr: ‘ Slag Inclusions and Acid Open-Hearth Refining of 
High-Carbon Steel.” 

C. SyxKes and F. W. Jonss : “‘ Note on Discontinuities in the Resistance- 
Temperature Curves of Commercially Pure Iron and Steel.” 

T. Witson: ‘“‘ The Rolling of Sections at the Appleby-Frodingham 
Steel Co., Ltd.” 

’H. Escuer: ‘‘ Ten Years’ Development in Steam Engineering at the 
Port Kembla Steelworks, N.S.W., Australia ” (Ablett Prize Paper). 


’ 
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TuHurspDAY Mornine, May 4, 1939. 


At the opening of this session at 10 a.m. the PRESIDENT (Lord 
Dudley) was in the Chair, but later, when he was called away, Mr. 
JAMES HENDERSON (Hon. Treasurer) took his place. 


Presentation of Papers. 
The following papers were presented for discussion : 


C. A. Epwarps, F.R.S., H. N. Jones and B. Watters: ‘“ A Study of 
‘ Strain-Age-Hardening ’ of Mild Steel.” 

J. W. RopGers and H. A. Watnwricut: “ The Strain-Ageing of Dead-Mild 
Steel Strip Used in the Pressing of Automobile Bodies and Accessories.”’ 


The above two papers were discussed jointly. 


F. G. Barker: ‘‘ Some Applications of the Spectrograph to the Quantita- 
tive Analysis of Ferrous and Non-Ferrous Metals.” 

L. Nortucotr: ‘“‘ The Application of the Durville Rotatory Process to the 
Casting of Steel.” 

T. Witson: “ The Rolling of Sections at the Appleby-Frodingham Steel 
Co., Ltd.” 


The Meeting then adjourned for lunch. 


THURSDAY AFTERNOON. 


The Meeting was resumed at 2.30 p.m., Dr. W. H. Hatrrexp, 
F.R.S. (Vice-President), in the Chair in the President’s absence. 


Presentation of Papers. 
The following paper and Report were presented for discussion : 


H. E. Buaypen, W. NosBiz and H. L. Ritey : “‘ The Influence of Carbonising 
Conditions on Coke Properties. Part II.—The Effect of Pressure, 
Temperature, Rate of Heating and ‘ Soaking ’ on Coke Strength.” 

“First REPoRT ON ReEFractory Mareriats.”’ Being a Report of the 
Joint Refractories Research Committee of the Iron and Steel Industrial 
Research Council and the British Refractories Research Association 
(Special Report No, 26). 


The Meeting then adjourned until 10 a.m. on the following day. 


THURSDAY EVENING. 


The Annual Dinner. 


The Annual Dinner of the Iron and Steel Institute was held at 
Grosvenor House, Park Lane, London, on Thursday, May 4, 1939. 
The Rt. Hon. the Earl of Dudley, M.C., President of the Institute, 
occupied the Chair, and the attendance constituted a record, eight 
hundred and forty Members and guests being present. The guests 
included: Admiral of the Fleet The Rt. Hon. Lord Chatfield 
of Ditchling, G.C.B., K.C.M.G., C.V.O. (Minister for Co-ordination 
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of Defence); The Rt. Hon. Richard B. Bennett, P.C.; His 
Excellency Bjorn Prytz (Swedish Minister); Sir Andrew Duncan, 
G.B.E. (Chairman, the British Iron and Steel Federation); The Rt. 
Hon. the Viscount Greenwood of Holbourne, P.C., K.C.; Field- 
Marshal The Rt. Hon. Lord Milne, G.C.B., G.C.M.G., D.S.0.; Air 
Vice-Marshal R. E. C. Peirse, C.B., D.S.0., A.F.C. (Deputy Chief 
of the Air Staff); General Sir Walter M. St.G. Kirk, G.C.B., C.M.G., 
D.S.0. (Director-General of the Territorial Army); Mr. R. 8. Hilton 
(President, the British Iron and Steel Federation); Mr. A. J. Grant 
(Master Cutler); Eng. Vice-Admiral Sir Harold A. Brown, K.C.B. 
(Director-General of Munitions Production); Professor E. V. Apple- 
ton, D.Sc., LL.D., F.R.S. (Secretary, the Department of Scientific 
and Industrial Research); Sir William Larke, K.B.E. (Director, 
the British Iron and Steel Federation); Mr. W. J. E. Binnie, M.A. 
(President, the Institution of Civil Engineers); Mr. E. Bruce Ball 
(President, the Institution of Mechanical Engineers); M. Léon 
Greiner (Hon. Vice-President, Belgium); Dr. C. H. Desch, F.R.S. 
(President, the Institute of Metals); Mr. E. G. Sahlin (Consul- 
General for Sweden); Professor A. C. G. Egerton, F.R.S. (Secretary, 
the Royal Society); Dr. C. B. Kingston (President, the Institution 
of Mining and Metallurgy); Dr. H. J. Gough, M.B.E., F.R.S. 
(Director of Scientific Research, the War Office); Sir Arthur 
Pugh, C.B.E.; and Mr. John Brown (Secretary, the Iron and Steel 
Trades’ Federation). 


The loyal toasts having been honoured, Admiral of the Fleet 
The Rt. Hon. Lorp CHATFIELD oF Ditcuiine, G.C.B., K.C.M.G., 
C.V.O. (Minister for Co-ordination of Defence) proposed the toast of 


The Iron and Steel Institute 
and 
The Iron and Steel Industry. 


In doing so, he said: It is a very great pleasure to me and also 
a very great honour to be asked to propose this toast. I have 
moved a considerable way away from the world in which I used to 
live as a sailor and in which I used to come into contact with so 
many who are here to-night, with so many who are not here and with 
others who have left us for good. When Lord Dudley asked me, 
within forty-eight hours of my being made Minister for Co-ordination 
of Defence, to come to this dinner, it was the first invitation which 
I had had, and I accepted it as the greatest compliment that could 
be paid to me. (Applause.) 

As an old sailor, it is very hard for me to keep off naval topics. 
For thirteen years of the last twenty I was at the Admiralty, and I 
occupied posts in that alert Department which took me first of all 
on to the staff, or the fighting side, and then on to the producing 
side, the material side, for three and a half years, and then back 
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again to the staff, or user or fighting, side again. During that time 
I had a very varied experience, not only of the Navy and its 
administration but also of industry, and I am proud to say that 
the Admiralty have built up an administrative machine, not only 
on the staff and strategic side but also on the supply side, which 
has brought them into the most close and efficient contact with 
those who are here to-night. (Applause.) 

Why have we been able to do that? It is not because the 
people at the Admiralty are more efficient than those in other 
Departments of the State, but because first of all we have had the 
money to spend, and secondly we have had continuity in our naval 
programmes, and so we have been able to develop an administration 
and a contact with industry which has been, I believe, of the greatest 
benefit to both. 

In that connection I should like to mention—this is the first 
opportunity that I have had of doing so—the exemplification of 
that organisation in the fact that my old friend Sir Harold Brown 
has been torn away, greatly to his reluctance, from his important 
post as Engineer-in-Chief of the Navy and has been appointed to 
the War Office to look after munitions production. (Applause.) 

I have many friends here to-night who are soldiers, and I am 
glad to say that no friendships at the present time are warmer than 
those between sailors and soldiers. We all know that the Army 
has always been starved of money, and it has always been difficult 
for this curious country of ours to make up its mind whether it 
wanted to have an army or not, and, if it did want to have an 
army, how big that army should be. In those circumstances it is 
exceedingly difficult for the War Office to organise a supply side for 
their work—far more difficult than it has been for the Admiralty 
to do so. That is why Sir Harold Brown has been sent to the 
War Office to help in their munitions production. The Navy has 
felt that to be a very great compliment, and I should like to pay a 
tribute to Sir Harold for the courage which he has shown in tackling 
almost unaided an entirely new task, and for the extraordinary 
success which he has had in that task. (Applause.) 

I always like to speak without any notes, and I have always 
done so until I became a Cabinet Minister; but now I find that I 
have to be more careful. If, much against my inclination, I have 
to follow my notes, you will understand the reason ! 

This great Iron and Steel Institute, founded seventy years ago, 
has as its object the promotion of the science and practice of ferrous 
metallurgy in all its processes, and the general aim of its activity 
is to give the engineer the steel that he wants, reserving the thought 
that the price must be an economic one. (Laughter.) There has 
always been the most close co-operation between the technical 
staffs of the ferrous metal industry and the Service Departments. 
This co-operation has been greatly assisted by the Institute, to 
which many members of the technical staffs on both sides belong. 
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There is no doubt that the work carried out by the Institute has 
been of the greatest assistance to the industry in enabling the 
latter to meet the greatly increased demand which has been placed 
upon it in consequence of our enormous rearmament programme. 

It is indeed unnecessary for me to enlarge upon the importance 
of the production of iron and steel for armament purposes, nor is 
it necessary for me once again to draw attention to the vast number 
of ways in which the quality of production has affected our national 
safety. However, I cannot refrain from mentioning once more 
the well-known fact that when we modernise a capital ship, taking 
out the machinery which was put in twenty years ago and putting 
in up-to-date machinery, we save thousands of tons in weight. 
I think that that is one of the most remarkable examples of what has 
been accomplished by you gentlemen during the last twenty years, 
and I would ask you to remember that every ton of weight out of 
those thousands of tons in a battleship that can be saved means an 
increase in the fighting efficiency of the ship. That is why it has 
been so worth while to modernise ships like the Repulse, the Renown 
and the Queen Elizabeth class; they are going to be enormously 
improved in fighting efficiency, and will be almost, if not quite, 
modern battleships when they are completed. You can also see 
how difficult it is if you expect an ancient navy—and I am sorry to 
say that our Navy is ancient—to compete with a modern navy, 
built in recent years with all the advantages of modern engineering, 
modern steel production and so on. 

Armour production affords us a very good example of the manner 
in which the steel industry can rise to the occasion. Let usremember 
that less than ten years ago, when I was Controller at the Admiralty 
and when I used to hate the sound of the contractor coming up the 
stairs outside my office, knowing that I had nothing but the most 
freezing comfort to give him, not a single ton of armour was ordered 
in one year, whereas in the War we had no less than five armour 
firms, all of whom were producing at the peak of their capacity. 
The remarkable thing is that there are now three firms left, and 
those three firms are producing more at the present time than the 
whole of the five original firms produced during the War. What 
would the nation have done without people like that to help us 
through our troubles? We are greatly indebted to the armour 
firms in that way, and no one knows it better than I do. I am 
glad to pay them the tribute which they deserve. (Applause.) 

There is another way in which recent advances have had a 
pronounced effect, and that is in aircraft supplies. The recent 
change-over to all-metal construction has greatly increased the 
importance of the steel industry to the Royal Air Force expansion 
programme. They require steel for engine crankshafts, heat- 
resisting valve steel, steel strip and stainless steel. These things 
are all-important, and the quality of the material demanded is very 
high indeed. The notable results which have been so far achieved 
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have been due to careful preliminary investigations carried out by 
the steel industry, and these investigations have been greatly helped 
and encouraged by the Iron and Steel Institute. The metal which 
is required for aircraft construction is of a very high standard, 
largely because of the problem of the optimum weight/strength 
ratio ; and in order to keep the weight of aircraft down to a minimum 
and thereby improve their performance and safety, it is essential 
that the strength of the metal components shall be the safe maximum 
which is attainable in proportion, of course, to their weight. 

Another of the activities of the Institute to which I ought to 
refer is concerned with the corrosion cf steel. We cannot expect, 
of course, that the Corrosion Committee can immediately produce 
the results that we desire, and in fact it might be thought by short- 
sighted people that it is a great mistake to reduce the corrosion of 
steel (laughter), but if the unfortunate defect of steel to which I 
refer could be completely removed in all its aspects, who shall say 
whether the consequent longer life and greater value of the material 
would not lead in the long run to its extended use ? 

It is safe to say that the rate at which this country can produce 
steel is an important factor in the rate at which we can prepare for 
and carry on war, and it is interesting to recall that your President, 
in his Presidential Address to the Institute last year, estimated that 
in ten years’ time Great Britain would be producing 15,000,000 tons 
of steel in one year. The production two years ago very nearly 
reached 13,000,000 tons and in 1938 it dropped to 10,500,000, but 
the important fact is that we have that reserve capacity which is 
going to be so enormously important to us in our rearmament 
programme, 

I have read most of what I had to read (laughter), and I should 
now like to say a word about our rearmament programme. You 
will remember that His Majesty’s Government recently decided to 
create what is called a Ministry of Supply. There have been many 
criticisms of that decision. First of all it is said by those who do 
not always understand the nature of the problem that we should 
have set up a Ministry of Supply before, and now that we have 
set it up it is alleged that we have done so in a half-hearted way. 
As I have some personal responsibility in the matter, I should like 
to say something about the nature of the problem which is involved. 

After the War—when, you will remember, we had a Ministry 
of Munitions—the Service Departments were called on to report on 
whether it would be a good thing or not to set up a Ministry of 
Supply in time of peace. I was a member of a committee which 
sat for three and a half years (laughter)—we moved slowly in those 
days !—and which heard every side of the case. We had before us 
prominent industrialists, people who had worked at the Ministry of 
Munitions and many others, and we eventually came to the con- 
clusion that to set up a Ministry of Supply in time of peace would 
be wrong, and we so reported. What we recommended was that 
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each Service Department should create and build up its own pro- 
ductive department in close touch with industry on the lines that the 
Admiralty had been able to do, and that at the same time those three 
Departments should be very closely co-ordinated so that there was 
no conflict of opinion and so that they would get accustomed to 
working together, so that a machine would be built up which would 
not fail if it had some unexpectedly big task to carry out. The 
Government of the day accepted that recommendation, and the 
consequence has been that our three Services have become far 
more closely knit than was ever the case before. We no longer 
work in water-tight compartments; we work in close collaboration. 
That is surely of very great importance. If I go into the War 
Office or into the Air Ministry I meet my friends, but before 
the War there was no interchange of that kind between the 
Services. 

As a result of those conditions, which cannot be altogether 
understood by those who are not in the Services, we have after all 
been able to accomplish a great deal. The Admiralty are carrying 
out a vast shipbuilding programme, rebuilding the Navy. The 
British public must not forget that the Navy can be produced only 
very slowly. The whole advantage of having a Navy is that it is a 
thing of slow growth, and once you have got it it cannot be challenged, 
because the challenger cannot catch up with you; but if you let it 
down, as we have done, it is necessary to go through years of anxiety 
while building battleships, which take four years to construct, and 
so on, until the strength of the Navy has been restored again. 

In the same way the Air Ministry have had to produce an 
enormous aircraft programme, and they have had to create almost 
a new industry in England and to expand it while old firms have 
had to take on a great deal of new work. At the same time that has 
had to be done without clashing with the Admiralty. The War 
Office up to the present, with their more modest programme of 
producing the anti-aircraft defences of Great Britain, have also 
been able to produce the goods as they have been asked to produce 
them from time to time with an ever-varying programme. The 
War Office are often criticised for not producing things more quickly, 
but that has not been due to the supply side so much as to the 
difficulty of deciding on matters of design, when armies change 
their weapons every year. 

We have therefore had a great machine created by the decision 
made in 1927, and I submit to you that it has been of enormous 
value. You can understand in those circumstances how loth the 
Services are to have torn away from them the whole of their material 
sides, and to have those supply sides handed over to a Minister 
who is not responsible to them but only to the Government. That 
is a factor which has to be allowed for in these days. At the same 
time it must be realised that there are occasions when it is essential 
that there should be some system such as we set up in the War, 








24P THE ANNUAL DINNER. 


and that has always been recognised. The necessity for it arises 
when there is a situation in which it is necessary suddenly to produce 
something with great rapidity. The obligations which we have 
undertaken in recent months have caused us very greatly to wish 
to expand the Army; indeed, we may well wish that we had decided 
to do so at an earlier stage. At the same time we have a big task 
in this country in trying to keep up a great Navy and a great Air 
Force. We have felt bound to do certain things which will greatly 
increase our military man-power, and it is no use increasing our 
military man-power by doubling the Territorial Force or by intro- 
ducing military training unless at the same time we can equip those 
men with weapons with which to fight and unless we are able to main- 
tain them in the field. That is the problem. 

In those circumstances it has always been recognised that the 
exceptional situation may make it necessary to set up a separate 
Ministry, with special powers over industry, such as the Prime 
Minister indicated last week, some priority authority with powers 
which are denied to the ordinary Service Departments. You will 
appreciate, therefore, the reason for setting up a Ministry of Supply. 
It is not the old reason, to prevent the Services from fighting each 
other, which is an idea that the lay mind often has, because they 
do not do that any longer. It is rather to meet a special occasion, 
this necessity to arm with the utmost rapidity this great military 
man-power that we are creating with such discomfort and to some 
extent with some opposition, and to be quite certain that we are 
not going to waste our effort by doing it in a half-hearted way. 
(Applause.) 

At the same time it must be remembered that in spite of the good- 
will and close contact between the supply officers of the Army, 
the Air Force and the Navy, there must be in this very big pro- 
gramme a certain amount of conflict of interest. It seems almost 
incredible that we should be able to prepare a war potential for 
thirty-two divisions of infantry superimposed on this gigantic 
problem of rebuilding the Navy and building up a great Air Force 
without some conflict of interest, and therefore we are going to set 
up a Ministry of priority such as we had in the War, which will be 
able to decide whether a certain industrial allocation should be 
taken from one Service and given to another. I do not believe 
that that priority organisation will have to function very often; I 
believe that the goodwill between the Services which has been 
created by the decision of 1927 will be so effective that most of the 
difficulties which will necessarily arise will be settled by inter- 
departmental discussion. 

Beyond that, as you know, there is a Bill to be introduced in 
the near future which will be not a Bill for a Ministry of Army 
Supply but rather a Bill for a Ministry of Supply. The idea of that 
is that we may just as well take the full powers at once, so that if 
at any time which cannot at present be foreseen we have to broaden 
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the basis of supply and to increase the powers of the Minister, we 
can do so without further legislation. 

We have in this country enormous responsibilities. We have 
the defence of these islands; we have our far-spread dominions and 
colonies; we have our long line of communications not only to our 
Empire but also for our trade to all parts of the world. It might 
well be felt that such responsibilities were sufficient for the people 
of this country, but we have only recently taken on some further 
responsibilities, and, as you know, we always make good our 
promises. (Applause.) The great question is whether those 
promises increase the chance that we may be involved in war or not. 
You will remember that in 1914 it was said ‘‘ Why did not England 
say beforehand what she was going to do?” Well, we have now 
made our position perfectly clear. (Applause.) At the same time, 
having done what is right and honest, we are taking steps to ensure 
that we shall not fail those to whom we have promised our assistance. 
(Applause.) We are, therefore, not only building a great Navy, 
but also creating with the most marvellous rapidity an Air Force 
of the most gigantic strength and with the most efficient machines 
and, as we are convinced, with the most efficient men. (Applause.) 
We are also now making an extraordinary third effort, which no 
other nation has attempted, by creating a third arm in our military 
forces, which will be something to reckon with. I do not believe 
that there is any other country in the world that is putting forth 
the effort that Great Britain is making to-day. (Applause.) I do 
not believe that there is any country, apart from our friends over 
the water, who could put forward such an effort. 

To do that what do we rely upon? We rely, gentlemen, as 
much as anything else upon you, and we know that we can rely 
upon you and that you will not fail the Services and the Govern- 
ment in this tremendous task which industry is going to be called 
upon to perform. That is why to-night I am so pleased and so 
proud and, I may say, so happy to propose the toast for which I am 
responsible. (Applause.) 


The Rt. Hon. the Earn or Duptey, M.C. (President of the 
Institute), who responded, said: We are very happy to welcome 
such a distinguished guest as Lord Chatfield, the Minister for 
Co-ordination of Defence, to our Annual Banquet to-night. 
(Applause.) Now that he has been seconded from the Navy to 
politics he will have even greater responsibilities than those which 
he has already discharged in other spheres of activity with such 
outstanding brilliance. At a time when it has been found necessary 
to keep the Repulse in home waters, we remember with gratitude 
that it was he who insisted on the necessity for capital ships when 
there was a general outcry in favour of scrapping them. We know 
quite well that had it not been for Lord Chatfield the power of the 
British Navy would be considerably less than it is to-day. 
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We are glad to hear from him and to read day by day of the 
increasing strength of the Navy, and we are glad to hear of the 
launch of a new 35,000-ton battleship, the Prince of Wales, only 
yesterday. (Applause.) 

Lord Chatfield has already demonstrated to the country during 
the short time that he has been in office that he is the right man 
in the right place, and indeed his able speech this evening confirms 
that opinion in our minds. I submit that if Ministers were to take 
industry into their confidence more frequently in such a charming 
manner as Lord Chatfield has done this evening—without giving 
away any confidences, as he has managed to avoid so adroitly— 
there would be an even better team spirit, if such a thing is possible, 
than exists to-day. 

Lord Chatfield has mentioned the share of responsibility which 
our industry must take, and I do most heartily welcome this oppor- 
tunity of telling him that the iron and steel industry in this country 
will back him up to the utmost of its potentialities. (Applause.) 
We regard ourselves very definitely, and have so regarded ourselves 
for some time past, as a part of his crew. We have been hardened 
to discipline during recent years. (Laughter.) I can assure Lord 
Chatfield that, thanks to kindly but severe martinets who are 
sitting not very far from me at present, we are quite used to touching 
our forelock, and the words ‘‘ Aye, aye, sir’ come very readily to 
our lips. (Laughter.) 

As a result of the drastic reconstruction both in organisation 
and in technique which has taken place in our industry during 
recent years, and as a result of the scientific development which 
has been brought about with the assistance of this Institute, I do 
not think that Lord Chatfield or the Minister of Supply will have 
any cause for complaint on the score of steel deliveries, in spite of 
the tremendous acceleration of armament output necessitated by 
the unprecedented national defence effort which we are now going 
through. 

We are equipped to turn out at the present time in this country 
half as much steel again as we were at the beginning of the last War, 
and, what is equally important, we are proportionately less dependent 
upon raw materials from overseas. 

Although the industry is ready in every detail to meet any state 
of national emergency, we pray with all our hearts that such an 
occasion will never arise and that common sense will prevail over 
hot heads. (Applause.) Scientists and industrialists are men of 
peace, even though it may be their duty at times to devise and to 
produce instruments of war. We would infinitely prefer to be 
engaged solely upon commercial requirements and to be building 
up world trade and prosperity rather than preparing to destroy it. 
(Applause.) 

From what I have been saying, prompted as it is by the urgency 
of a situation which is uppermost in the minds of everyone, I should 
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not like it to be assumed that the supply of steel for armaments 
dominates our order books even at the present time. Indeed, as 
was pointed out recently by the chairman of one of our leading 
steel companies largely connected with munitions, the turnover of 
the commercial part of his business as distinct from ordnance has 
increased year by year, and in 1938 was the largest on record, 
exceeding that of 1937 by no less than 20%. I would emphasise 
the fact that this increase in commercial turnover has greatly 
helped to reduce overhead costs on Government orders. 

Lord Chatfield has made a kind and appreciative reference to 
the work of our Institute, for which I should like to express our 
sincere gratitude. If I may turn for a brief moment to more 
domestic matters, it will be seen from the Annual Report that we 
have had a thoroughly successful year. Our membership consti- 
tutes a record, but I am still not satisfied, and I do urge all the 
Members here this evening to help me to make the membership 
larger still. I would ask subscribing companies to exhort their 
staffs to join the Institute to the utmost possible extent under the 
special arrangement by which their entrance fee and first year’s 
subscription are set against the company’s subscription. 

Great progress has been made during the year in collective 
research and many valuable reports have been issued. A land- 
mark in our history has been made during the past year by the 
movement of our offices to the splendid new quarters which we 
now occupy in Grosvenor Gardens. I feel that those offices 
represent to the full the dignity and the importance of this Institute. 
(Applause.) I hope that Members who have not yet taken the 
opportunity of visiting our headquarters will do so before the end 
of our Annual Meeting. 

I should like to say a few words with regard to finance. You 
have done me the honour of electing me your President for a second 
year. (Applause.) It is an honour which I assure you I greatly 
deplore, and I should not have considered your invitation for a 
moment had it not been for the fact that I have set myself out to 
achieve a task—the task of trying to set the finances of this great 
Institute on which our industry so largely depends upon a firmer 
basis. I ask you to do everything that you can to support the 
appeal which has already gone out to all firms and companies 
above my name. 

We were very greatly disappointed that the state of national 
emergency prevented us from carrying out our proposed visit to the 
United States of America and Canada last autumn. -As Dr. Merica 
is here this evening I should like to take this opportunity of thanking 
him most heartily and sincerely on your behalf for the great kindness 
which he showed in making the arrangements for that visit. 
(Applause.) Our disappointment when we were forced to cancel 
our sailings two days before we were due to leave is more than we 
can express to him, and I believe that the disappointment of the 











28 P THE ANNUAL DINNER. 


Ladies was, if possible, even greater than our own. I can only hint 
to Dr. Merica that if the United States of America and the Dominion 
of Canada, which is represented here this evening by my old friend 
Mr. R. B. Bennett (applause), are good enough to invite us again 
on a future occasion, we shall be only too thankful and shall be 
glad to take advantage of their invitation. It will go far to mitigate 
our previous disappointment. 

I have to announce officially that our Autumn Meeting this year 
is to be held in Cardiff, and I should like to express our gratitude to 
all those South Wales firms who have been kind enough already to 
arrange visits to their works. 

Lord Chatfield, in thanking you once again for your generous 
tribute to-night, we should like you to know that we have entire 
confidence in you in the fulfilment of your vast and urgent tasks. 
(Applause.) Any call which you may find it necessary to make 
upon the effort, the resources and the genius of the British iron and 
steel industry will not be made in vain. (Applause.) 


The Rt. Hon. the Viscount GREENWOOD OF HOLBOURNE, P.C., 
K.C., proposed the toast of 


The Guests. 


He said: It gives me great pleasure to propose this toast. 
Seventy years ago the Iron and Steel Institute was born in Middles- 
brough under the auspices of Dorman Long, of which company I 
have the honour to be Chairman. (Applause.) It was a lusty 
infant and has grown in stature ever since. This fine gathering is a 
great tribute to my noble friend Lord Dudley, the President, and a 
great tribute to the work and to the record of our Institute. Lord 
Dudley occupies a unique position in the history of the steel industry 
and, indeed, of the iron, coal and steel industries of this country. 
The works over which he presides with reasonable profit to himself 
and to the community (laughter) go back for three hundred years 
of continuous history. (Applause.) Indeed, it was an ancestor 
of his who first used coal in making iron. I congratulate him on 
becoming Regional Commissioner for Civil Defence of the Midlands, 
and I congratulate my right hon. friend, Sir John Anderson, on 
securing the services of Lord Dudley. It is an interesting fact that 
the last time that we had regional commanders in this fine old 
country of ours was in the days of Oliver Cromwell, when the 
country was divided into regions over each of which was a major- 
general of the great Oliver’s army. I have an idea that it was an 
ancestor of Lord Dudley in the Midlands who supplied some of the 
iron for the Ironsides in those days! (Laughter.) However that 
may be, it is a strange thing that we should have to go back to the 
days of Oliver Cromwell to find a precedent for the present arrange- 
ments if the worst comes to the worst. I do not live in the Mid- 
lands, but no doubt those of you who are going there—willingly or 
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otherwise (laughter)—will find in Lord Dudley a protector and a 
friend. 

We welcome many distinguished visitors to this notable gather- 
ing, a gathering worthy of the fact that steel is the primary and the 
most indispensable industry in the country to-day. Among our 
guests we must put first Admiral of the Fleet Lord Chatfield, the 
Minister for Co-ordination of Defence. (Applause.) His appoint- 
ment was one of the few political appointments in my time which 
commanded universal confidence and respect, and, what is more 
difficult and rare, it commanded the respect of the sister Services as 
well as of his own, a great tribute to a distinguished Admiral whose 
part in the last War is one of the best qualifications and justifica- 
tions for his position as a Minister of the Crown to-day. (Applause.) 

We have with us also distinguished representatives of Lord 
Chatfield’s own Service, the Navy, as well as of the Army, the Air 
Force and other Departments of State, and of all the spheres of 
activity of our wonderful and busy life in this realm. Those in 
the steel business are particularly glad to welcome Sir Arthur Pugh, 
the past Secretary of the Iron and Steel Trades’ Federation 
(applause) and Mr. John Brown, the present Secretary of that great 
organisation. (Applause.) These men are doughty champions of 
their organisation, but to me, and I know to you also, they are two 
great peacemakers in the steel industry. (Applause.) 

We welcome the representatives of kindred societies, and, as 
this Institute constitutes the scientific side of our industry, we par- 
ticularly welcome those distinguished men of science drawn from the 
Services and from civilian life. 

We have with us also representatives from the Dominions, 
Belgium, France, Germany, Luxemburg, Sweden, the United States 
and other countries, and they are all welcome. (Applause.) The 
representatives of the steel industry and, indeed, of other industries 
from all parts of the world can sit round a common table, and 
without raising their voices come to quick decisions of national and 
international importance affecting the lives and the happiness of 
millions of men throughout the world; but it is an odd thing and a 
sad fact that the representatives of governments cannot sit round 
a common table but live in an atmosphere of shouting and suspicion 
that interferes with the normal helpful commercial development of 
the world for which we stand above all else. (Applause.) 

I often think that one of the greatest hopes of peace in this 
bewildered and chaotic world of ours lies in somehow or other 
getting it uppermost in the minds of the human race that their 
lives and well-being depend upon the development of commerce 
and industry, and not upon the supreme fanaticism of odd groups 
here and there. At any rate, we in this and all the other great 
industries of the world primarily stand for peace, and as far as we 
are concerned we would rather be working on the development of 
our industry for peaceful ends, which mean the amenities and 











30 P THE ANNUAL DINNER. 


progress of civilisation, than be parties, as we must be and will be 
if necessary, to the manufacture of instruments of war. 

This toast will be responded to by my right hon. friend Mr. R. B. 
Bennett, ex-Prime Minister of Canada. (Prolonged applause.) He 
is the ninth generation of Bennetts born in the New World, and, 
if he will permit me to say so, although he does not quite look it, he 
is the flower of the flock. (Laughter.) After a strenuous life of 
public service in Canada he has come home to live in England, and 
we welcome the warrior home from the wars. In his political career 
he has served in many offices; he was Prime Minister of our great 
Dominion from 1930 to 1935 and he was one of the creators of the 
Ottawa Agreement which, taken all in all, is the greatest advance 
in imperial commercial development of our time. Mr. Bennett is 
known throughout Canada as “ R. B.”’ because his godfathers and 
godmother at his baptism christened him ‘“‘ Richard Bedford.” He 
has made as many speeches on the British Empire as any man alive 
and has always been a champion and a friend of the Empire, so that 
I think that if he were baptised again he ought to be called ‘‘ Rule 
Britannia ”’ Bennett. (Laughter and applause.) 


The Rt. Hon. Ricnarp B. Bennett, P.C., who was cheered on 
rising to respond, said : I thank you for the warmth of your welcome 
and for the kindness of your reception. I should like first of all 
to congratulate Lord Dudley on being elected President of this 
great body. I have a personal interest in the matter because at a 
time of great stress and strain in my own country, Lord Dudley, 
you rendered us signal service, not so much by what you did as 
by understanding our difficulties, and it is indeed a pleasant thing 
to think that in these days of anxiety and worry we should have 
in a great position a man whose sense of responsibility matches 
the greatness of that position. A short time ago in South Africa 
I watched some natives smelting iron with a little charcoal, a little 
iron ore, and a bellows of a type. The small quantity of iron 
obtained was hammered into an article which the old chief pre- 
sented to me, and I could not but think when I heard Lord Green- 
wood’s speech that, after all, it was not long ago when your ancestors, 
Mr. Chairman, were smelting iron with a little charcoal made from 
the nearby woods, a little iron ore and a bellows of a sort—and 
behold the result! Three hundred years later their distinguished 
descendant is President of this great body. (Laughter and applause.) 
If the spirits of your ancestors hover about us, I am sure that this 
is a proud moment for them ! 

I confess that I find it very difficult to respond to this toast 
when I contemplate the guests here present to-night. There are 
representatives of every walk of life, of every human activity— 
men of science, men of business and representatives of the Navy, 
the Army, the Air Force and the State itself, as well as of foreign 
countries. Why I should be selected to respond to this toast is a 
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matter which is engaging the thought of many of you at this 
moment (laughter), but I hope that you will be generous in your 
judgment. 

There is one thought which I should like to emphasise to-night, 
and it is this: There is a habit of thinking of statesmen as only 
those who serve the State in public office, but no greater mistake 
could be made. Statesmen are found in industry of a type and 
calibre and character that will compare favourably with the states- 
men who are designated as such because of their public service. 
(Applause.) Just what debt the nation owes to its industrialists 
it is not for me to determine, but I am sure that some of you who 
give the matter profound thought realise that the industrialist has 
played a tremendous part in the making of the British Empire. 
The old story that trade follows the flag is true. Trade and com- 
merce are capable of development only in peace and the indus- 
trialist has always been a man of peace. The late Lord Oxford 
and Asquith referred in one of his last speeches to the effect of 
science being utilised for purposes of destruction, and he said that 
if that were to happen it would be better that the Ice Age should 
again come upon us. There is much force in that observation, but 
as a guest here to-night I should like to salute you collectively as 
statesmen and advocates of peace. 

I am not unaware of the fact that there are now and then 
evidences of a lack of that vision which should characterise the 
statesman. After all, the statesman is supposed to be one who 
has some realisation and appreciation of the implications of decisions, 
and who can look beyond the narrow confines of his day and per- 
haps capture visions of what lies over the horizon. It is not always 
easy to do that. It is never very difficult to make decisions, but it 
is almost impossible at times to understand and to appreciate the 
implications of them. Therefore it is that industry must utilise 
to the full the scientific minds of those who are associated in the 
laboratory with those who work in the mill and the factory when 
making decisions the implications of which may be most far- 
reaching. The correlation of the activities of the technical and 
scientific side of this great industry with those who give effect to 
them in mill and factory is one of the most important, in my judg- 
ment, of the many matters which have to be considered in deter- 
mining the policies which should be pursued by the nation itself. 

There is another phase of the question which must sometimes 
be kept in mind. Industry at times has had a tendency to destroy 
itself. We have made progress in the last hundred years. I should 
not like to enter into a controversy with some of the great economists 
who are here to-night, but certain it is that those who founded this 
Empire and who laid broad and deep its foundations in far-off 
Australia, New Zealand, Africa, Canada and the islands of the sea 
founded governments that were given authority by the people 
under our democratic institutions and indeed whose first duty it 
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was to develop the natural resources of those countries. The 
development of those resources, unfortunately in one sense, has 
done something to curtail the business of those who were selling 
their products in those countries before that development took 
place. Your kinsmen in those great countries were bound to 
develop their resources or they were no sons of yours! That 
development has taken place. At Broken Hill in Australia a few 
months ago I saw what appeared to me to be as complete a steel 
plant as I have ever seen in my life, and in other dominions the 
same developments are taking place. They must involve some 
limitation and curtailment of business formerly done by this King- 
dom. When I went to Western Canada some forty years ago 
every rail on the main line of the Canadian Pacific Railway had 
stamped upon it the name of the mill in which it had been fabricated 
or rolled, and had been made either in England or in Germany; 
but to-day no single rail on the main lines of the Canadian Pacific 
and the Canadian National Railways has been rolled outside the 
Dominion of Canada itself. 

That is a factor which has had a profound effect on the economic 

life of this country. I should like you to consider what would 
have been the effect had this Kingdom forty or fifty years ago 
taken legislative steps to ensure to its own people markets for their 
products to compensate for the markets that were lost. I leave 
that thought with you, as I do not desire to enter into any political 
discussion, but it is worth considering. You have done that in 
recent years, with results which I think are not unworthy of the 
effort. 
In these days, confronted with the tremendous tasks to which 
Lord Chatfield has referred, it is not too much to say that upon 
those who are here to-night rests the greatest responsibility for the 
results which Lord Chatfield is endeavouring to achieve, and that 
sense of responsibility which has always been the keynote of British 
citizenship has never failed and it never will fail, for this race and 
breed are still capable of great achievements. They have not lost 
knowledge of the means of fulfilling their tasks, nor do they lack 
that selfless devotion which is essential to unqualified success. 
While there may be doubt, as there sometimes is, in the minds of 
men who contemplate the almost unthinkable as a possibility, 
there can be no doubt or suspicion or question as to what the 
ultimate result would be. 

That, I think, is the thought that is in the minds of all of us 
who are guests here to-night as we look on the faces of those who 
are responsible for the maintenance of an industry on which our 
very life depends. We think also of those others, those thousands 
of others of whom Lord Greenwood spoke, the men who toil so that 
your plans may be made effective and so that your policies may 
succeed, who work ungrudgingly to the end that success may crown 
your efforts in the work upon which you are engaged. 
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Recently I was reading a book which I often do read and I 
came across a few words in Ecclesiasticus which may be of interest 
to you: 


“So is the smith sitting by the anvil, and considering the 
unwrought iron: the vapour of the fire will waste his flesh ; 
and in the heat of the furnace will he wrestle with his work : 
the noise of the hammer will be ever in his ear, and his eyes 
are upon the pattern of the vessel; he will set his heart upon 
perfecting his works, and he will be wakeful to adorn them 
perfectly. 

“ All these put their trust in their hands; and each be- 
cometh wise in his own work. Without these shall not a 
city be inhabited and men shall not sojourn nor walk up and 
down therein. They shall not be sought for in the council 
of the people, and in the assembly they shall not mount on 
high; they shall not sit on the seat of the judge, and they 
shall not understand the covenant of judgment: neither shall 
they declare instruction and judgment; and where parables 
are they shall not be found. But they will maintain the fabric 
of the world; and in the. handywork of their craft is their 
prayer.” 


Those are the words of the author of Ecclesiasticus—I will not 
enter into controversy as to who that was! What was true then 
is equally true to-day, and as we, your guests, return thanks to 
you for the great effort which you are making, we also thank those 
whose names are nameless but who are making their contribution, 
as Lord Greenwood said, to the ultimate success of your efforts. 

I can only say how deeply grateful I am for your invitation to 
be present. It is indeed a great honour which you have conferred 
upon me in asking me to respond for the guests. I have endeavoured 
to speak in terms of warm appreciation of you, our hosts. I should 
like to thank you for your bountiful hospitality, for an evening of 
great enjoyment, with the earnest hope that every one of you who 
are our hosts to-night may enjoy health of body and mind and be 
able to carry into effect your plans, that the nation may live and 
the Empire may develop and peace may be maintained amongst 
the sons of men. (Applause.) 


The PREsIDENT said: I should like to ask M. Léon Greiner, 
who is an Hon. Vice-President of the Institute and who represents 
the Belgian Group of our colleagues on the Cartel, to add a few 
words on behalf of our Continental guests. 


M. L&on GREINER (Hon. Vice-President, Belgium), who spoke 
in French, said: Four months ago I attended a dinner in Belgium 
at which a visitor made an admirable speech in French, showing a 
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great deal of wit and a perfect knowledge of the language. That 
gentleman, an Englishman, was Mr. Burgin, your Minister of 
Supply. I found out afterwards that he could have made an 
equally good speech in no fewer than five foreign languages, and I 
felt profoundly humiliated when I thought of my own limitations 
in that respect. I am still extremely humiliated this evening, 
because I am unable to make a speech in any other language than 
French. However, I am comforted by the thought that there may 
be some among you, and perhaps even a large number of you who 
could not make a speech in five different languages! (Laughter.) 
I beg your indulgence, therefore, and speak in French. 

Lord Dudley has been kind enough to ask me to speak on 
behalf of those who are here to-night from the Continent. I am 
not one of your most important Continental guests, but I am cer- 
tainly one who has been connected the longest with the Iron and 
Steel Institute. This is not really surprising, as my father was a 
Member of the Institute for thirty years; I have been a Member 
for the last twenty-five years, and my son, who is here to-night, is 
also a Member. Thus, there have been three generations of the 
Greiner family in the Iron and Steel Institute. (Applause.) My 
attachment to the Institute and to England in general is strengthened 
by the fact that for twenty-five years I have directed a Company 
founded by an Englishman—John Cockerill. (Applause.) My 
father was President of the Iron and Steel Institute in 1914-1915 
and was awarded the Bessemer Gold Medal, which was presented 
yesterday to our eminent colleague Mr. James Henderson, who so 
rightly merited it. (Applause.) 

During the last two days which I have been spending in London, 
this attachment has made itself felt all the more, owing to the 
comforting spirit and attitude which I have always observed in 
England. We who come from a small country such as Belgium, 
find great assurance in this attitude and say that with the power 
of England peace is most certainly assured. 

Yesterday, after a dinner given by Lord Dudley to the Members 
of Council of the Institute, he kindly took me to the Houses of 
Parliament and I had the opportunity of speaking to Members of 
the Labour Party and to Members of the Conservative Party. I 
drank whisky with both. It was the same whisky and it was the 
same patriotic fervour shown by them all. (Laughter and applause.) 

You may say to me: “ You know what England is doing at 
the moment; well, what is Belgium doing?” Belgium, as you 
know, has assumed freedom of action and has laid down a statute 
of armed independence. You have perhaps a right to ask me to 
define what this armed independence means. I should find it very 
difficult to tell you this evening, particularly in French, for I fear 
that you would not understand me. I can assure you, however, 
that in the event of a conflict, which we all wish to avoid, you 
would find beside you the Belgium of 1914. (Prolonged applause.) 
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You must excuse me if I digress a little from the main purpose 
of my speech and talk politics, but I say what is in my mind and 
of what we are all aware. I apologise for having wandered from 
the point, and now return to my pleasant duty of rendering thanks 
to Lord Dudley, our President, on behalf of the Continental guests. 
(Applause.) Lord Dudley is well known on the Continent, where 
he has a very large number of friends. I have had the honour and 
pleasure of seeing him fairly frequently at meetings and receptions, 
which are not always confined to men only, and it is with great 
pleasure that I have observed the regard in which the personality 
of Lord Dudley is held and how much he is admired. At such 
meetings he has been surrounded by respect and he has received 
many marks of esteem from all the men, and I may add that he 
bas also been surrounded by the admiration of the Ladies. (Laughter 
ond applause.) I offer him the thanks of the Continental guests. 


Engineer Vice-Admiral Sir HaRoLp A. Brown, K.C.B. (Director- 
General of Munitions Production) then proposed the toast of 


The President. 


He said : It seems to me that the very pleasant task which has 
been entrusted to me this evening can best be performed in the 
briefest possible manner. This is not due to modesty or to any 
desire to spare you my feeble efforts, but because it is an ancient 
custom that the personal toast which we honour most we propose 
in the fewest possible words, and because I do not think that I can 
tell you anything about your President that you do not know 
already. 

I asked myself as I rose to speak why it was that I had allowed 
myself to be put into the somewhat embarrassing position in which 
I find myself to-night, and I decided that it was because at a time 
when some of the work which I was doing was supposed, by some 
people, to be under a temporary cloud, it would be just as well to 
“show the flag.” If I had known what was going to be said about 
my humble efforts this evening by the senior member of my Service 
I should not have ventured to speak; I should like to thank him 
most profoundly for what he said about me, and I feel it is entirely 
unwarranted. 

I should like to take this opportunity, however, of thanking you 
most sincerely for the unfailing help which you and the industry 
that you represent have given, and for the unfailing attention which 
you have paid to all the demands which I have been able to put 
before you. This help has not been in vain. So far as the Depart- 
ment of Munitions Supply, with which I have been connected for 
the last two years, is concerned, I think I can best illustrate that 
by the fact that we are now, mainly owing to your help, receiving 
deliveries monthly which in value exceed the annual deliveries 
that were received by the Army before this programme was under- 
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taken. (Applause.) The effort which will have to be made in the 
next year or so is to double and treble what has been done before, 
and I feel quite sure that you will rise to the occasion. 

As you are all aware and as the Minister has told us, in order 
to meet this extraordinary demand it has been decided to set up a 
Ministry of Supply, and I have been asked by the Minister-designate 
to tell you that he will rely upon your help and your co-operation 
and your patriotic efforts to a greater extent than ever before, if 
this be possible, and he feels sure that you will rise to this demand 
as you always have to demands made in the past. 

Having made these few remarks, I had better return to my 
proper function this evening, which is to propose the health of your 
President. Very few people realise what an additional load the 
presidency of a great body such as this places on the shoulders of a 
man who is responsible not merely for the material progress of 
great undertakings but for the individual welfare of thousands of 
men. I think in this connection that on this occasion we should 
pay a tribute not only to the help which we have received from the 
management and research sides of your great industry but, above 
all, to the help we have had from the men in the shops. (Applause.) 
I feel that in the last two years nothing has been more wonderful 
than the spirit in which the men have risen to every call made 
upon them in the most trying and difficult circumstances. I am 
sure that everyone in this room is entirely and whole-heartedly 
with me when I say that such a tribute is most thoroughly deserved. 
(Applause.) 

So far as the subject of my toast is concerned, I need not go 
into past history or give you extracts from Who’s Who, but I know 
that you will agree that Lord Dudley has undertaken this great 
task of his with the distinction and charm, the forcefulness and 
the zeal which characterise all his work. He carries out his work 
with great advantage to our best interests, and he is a worthy head 
of this great Institute. (Applause.) 


The PresipENT (Lord Dudley), in reply, said: I wish to thank 
you, Sir Harold, from the bottom of my heart for the way in which 
you have proposed this toast, and to thank you, gentlemen, for the 
manner in which you have received it. The Silent Service, which 
has been so strongly represented in our speeches to-night (laughter), 
is rising, much to our surprise, to the very highest flights of oratory. 
(Applause.) I suppose that it has something to do with the cold- 
storage system under which all this oratory has been stored up 
for so many years past waiting to burst forth. All I can say is 
that it has burst forth at the right time. 

As far as the message conveyed to us by Sir Harold from the 
Minister of Supply is concerned—that we should give him that 
co-operation and help which it has been our custom in the past to 
bestow—probably Sir Harold does not realise that in my own 
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case that is a little ironical, because the Minister of Supply was 
my opponent in three elections and I was responsible for keeping 
him out of the House of Commons for no fewer than three Parlia- 
ments. (Laughter.) That is probably the reason why I have 
claimed him ever since those days as my closest personal friend. I 
remember that on the last occasion, when he thought that he had 
got in, in returning thanks to his supporters after the election he 
claimed that I had gone to the extreme of polling the weathercock. 
Perhaps Sir Harold will convey this message from me to my old 
friend, that we as a steel industry are willing to poll the weathercock 
from now on in the cause of national defence. (Applause.) 


Fripay Mornine, May 5, 1939. 


The Meeting was resumed on this morning at 10 a.m., Mr. 
JAMES HENDERSON (Hon. Treasurer) occupying the Chair. 


Andrew Carnegie Research Scholarships for 1939. 


The Secretary (Mr. K. Headlam-Morley) announced the award 
of the following Andrew Carnegie Scholarships for 1939 : 
G. Parker (The University, Leeds): £100 in aid of a research on the 
oxidation and scaling of steel (to be carried out on behalf of the Alloy 
Steels Research Committee of the Institute). 
O. GEssNER (Breslau, Germany): £100 in aid of the continuation of a 
research on the viscosity of cast-iron alloys, steels, metals and alloys 


and slags. 
B. Launeaeren (Stockholm, Sweden): £100 in aid of the continuation of a 
microsclerometric investigation of grain boundaries. 


Presentation of Papers. 


The following Report was presented for discussion : 


‘**SEconD REPORT OF THE ALLOY STEELS RESEARCH CoMMITTEE.” Being 
a Report by a Joint Committee of the Iron and Steel Institute and the 
British Iron and Steel Federation to the Iron and Steel Industrial 
Research Council (Special Report No. 24). 


Votes of Thanks. 
The Institution of Civil Engineers. 


The CHarrMAN (Mr. James Henderson) proposed a vote of 
thanks to the President and Council to the Institution of Civil 
Engineers for placing their lecture theatre and building at the 
disposal of the Institute for the purposes of the meeting. This 
was carried with acclamation. 


The Chairman. 


Dr. C. H. Descu, F.R.S. (Vice-President), proposed a vote of 
thanks to Mr. Henderson for his conduct in the Chair that day. 
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On very many occasions in recent years, he said, when the President 
for the time being had been absent or called away, Mr. Henderson 
had stepped into the breach, and he invariably presided over the 
Meeting with the greatest efficiency and courtesy. Sir Harold 
Carpenter and Dr. Hatfield had also deputised for the President, 
and to them likewise thanks were due. 

Members would wish particularly to thank the President for 
the admirable way in which he had presided at the opening and 
other sessions. 


Mr. Henderson replied briefly, pointing out that Dr. Desch him- 
self had taken the Chair during one of the sessions, and they would 
wish to thank him for doing so. 


The proceedings then terminated. 
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REPORT OF COUNCIL. 


Tue Council of the Iron and Steel Institute submit their Annual 
Report of the proceedings and work of the Institute during the year 
1938 for the approval of Members at this, the Seventieth Annual 
General Meeting. For the convenience of Members some sections 
of this Report include information up to 31st March, 1939. 


ROLL OF THE INSTITUTE. 


The membership of the Institute at 31st December, 1938, was 
two thousand six hundred and thirty, an increase of one hundred 
and forty-three during the year. 

The details of the membership compared with those of a year 


ago are as follows : 
31/12/37. 31/12/’38. 
1 1 


Patron . ; ° ‘ ‘ 

Honorary Members . ‘ ‘ 15 13 
Life Members . , ‘ ‘ 66 69 
Ordinary Members . : ‘ 2224 2341 
Associates ‘ ‘ ‘ ‘ 18] 206 


2487 2630 


ened 





The total membership figures for 1937 and 1938 include seven 
members whose names are retained in the List of Members in an 
honorary capacity by order of the Council. 

Variations in the membership since the foundation of the 
Institute in 1869 are shown in Fig. 1. 

During the year two hundred and thirty-three new Members 
and forty new Associates were elected. These included seventy- 
two Members and seven Associates nominated by Companies which 
subscribed to the Special Subscription Fund and forty-four Members 
and thirty Associates who joined under the scheme of co-operation 
with the Institute of Metals; two Associates were elected under 
the special arrangement made with the American Institute of 
Mining and Metallurgical Engineers. Ten Associates were trans- 
ferred to Membership and six former Members and one Associate 
were reinstated. Thirty-two Members and six Associates resigned 
and the deaths of thirty-three Members were reported. 

The Council consider that the increase in the membership is 
satisfactory; they believe, however, that the potential membership 
of the Institute is still substantially greater, and they hope that the 
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Fic. 1.—Variations in the Membership since the Foundation of the Institute in 1869. 
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increased service and facilities offered by the Institute will encourage 
others to join. 

OBITUARY. 


The Council regret to record the death of Professor Fritz Wiist 
(Diisseldorf, Germany), an Honorary Member of the Institute, on 
20th March, 1938, and the deaths of the following thirty Members 
which occurred during the year 1938 : 


BAINBRIDGE, F. pe am poco 


Yorks) . February 26th. 
Baker, Dr. T. (Rotherham, Yorks) . May 28th. 
Bone, Professor W. A. (London) . June 12th. 
Capp, John A. (Schenectady, New York) . January 6th. 
DEVONSHIRE, NintH DvKE oF (Chats. 

worth) (Past-President) . . . May 6th. 
Ennis, L. (London) ‘ . May 5th. 
Fawogrt, P. W. (Hope, Derbyshire) . March 9th. 
GuTurig£, A. P. (Pretoria, S. Africa) . September 5th. 
Hitt, E. ‘i. (Slough) . April 5th. 


HuTcHINsoN, A. (London) (Past- President) August 20th. 
Jounston, J. F. (Sheffield) ; ‘ 2 
JONES, Sir W. J. (London) . October 13th. 
LOWENSTEIN, C. (Prague, Czechoslovakia) February 2nd. 
MERRETT, Professor W. H. (Wallington, 


Surrey) : ‘ , . October 29th. 
METAYER, M. (Paris, France) : ‘ 5 2 
Monn, Sir Robert L. (London) ; . October 22nd. 
PARKER, D.M.8. (London) . ‘ . November 6th. 
PARRAVANO, N. (Milan, Italy) ‘ . August 10th. 
Riroute, G. H. (Wirral, Cheshire) . . October. 
Sentor, G. E. (Sheffield) ‘ j . August 7th. 
Srppat, C. E. (Sheffield) . ‘ . February Ist. 
SoKEHILL, B. (Natal, 8. Africa) : . April. 
SpirTau., D. (Stourbridge) . ‘ . September 23rd. 
Strain, J. M. (Glasgow) r ‘ . March. 
TATHAM, T. L. (Manchester) . February 10th. 
VoNDRACEK, R. (Prague, Czechoslovakia). June 12th. 
WAHLBERG, ‘A. (Stockholm, Sweden) . November 4th. 
WHiTEHEAD, L. D. (Abergavenny, Mon.) . March 28th. 
Wiuxinson, D. (Dunmow, Essex) . September 28th. 


WouRMAN, C.R.E. (Newark, New Jersey) August 30th. 


The deaths of the following two Members took place earlier than 
1938, but were not previously reported : 


Keen, C. H. (Planishan, Glam.) . December 30th, 1937 
WavurTuikr, L. (Flemalle-Haute, Belgium) August, 1937. 
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The Ninth Duke of Devonshire was President of the Institute 
for two years in 1910-1912, thus following in the footsteps of his 
grandfather, the Seventh Duke, who was the first President when 
the Institute was founded in 1869. Mr. Hutchinson had been a 
staunch supporter of the Institute since 1895 and completed his 
term of office as President less than four months before his death. 
Professor Bone had enjoyed an international reputation as one of 
the leading experts on fuel and in more recent years had devoted 
much time to the investigation of blast-furnace reactions and the 
fuel problems of the iron and steel industry. Professor Merrett was 
a distinguished metallurgist who had made most valuable contri- 
butions to the study of metals and explosives; he was one of the 
pioneers in the sciences of metallography and physical metallurgy, 
and was closely identified with the research work of the Ordnance 
Committee. Although Sir Robert Mond’s scientific interests were 
exceptionally wide, his name is probably most generally associated 
with the metal nickel; he assisted his father, the late Dr. Ludwig 
Mond, in the discovery of the gaseous compound nickel carbonyl, 
and after his father’s death he continued his researches, ultimately 
perfecting a method for the commercial-scale production of this 
compound and the manufacture of metallic nickel from it. Dr. 
Wahlberg was one of Sweden’s most prominent engineers ; he founded 
the Swedish Testing Laboratory, and later was Managing Director 
of Jernkontoret. When Brinell’s famous report on the determina- 
tion of hardness was published in Swedish in 1901, Dr. Wahlberg 
prepared an English version which was published simultaneously 
in the Journal of the Institute. Professor Wiist spent the whole of 
his life in striving for the advancement of the science and technology 
of the manufacture and use of iron and steel; one of his greatest 
achievements was the founding of the Eisenhiittenmannisches 
Institut in Aachen in 1910, and as Professor there he was regarded 
with great affection by a wide circle of pupils; later he became the 
Director of the Kaiser-Wilhelm-Institut fiir Eisenforschung in 
Diisseldorf when it was opened in 1917. 


TRANSFER OF OFFICES. 


The Council reported a year ago that they had agreed to rent 
No. 4 Grosvenor Gardens, Westminster, from 25th December, 1937, 
until September, 1955. The offices of the Institute were removed 
to these premises on 24th June, 1938. 

The fourth floor and part of the third floor of the building have 
been sub-let to the Institute of Metals, and arrangements have been 
made for sharing Committee Rooms. The Libraries of the two 
Institutes have been joined and a large reading room on the ground 
floor is available for Members wishing to consult the Joint Library. 

The Council are confident that the increased accommodation 
provided will prove of great benefit to the Institute, and they hope 
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that Members-will use the new premises freely as a centre when in 
London; a Committee Room can usually be made available for 
private discussions. 


FINANCE. 
(The Statement of Accounts for 1938 follows this Report.) 


The accounts for the year ending 3lst December, 1938, include 
expenditure incurred in providing new premises for the Institute 
and are in this respect not readily comparable with those of the 
previous year. They reflect also the increase in membership and 
activities of the Institute during the year. 


General Fund.—Balance Sheet. 


The chief differences between the Balance Sheet as at 31st 
December, 1938, and that of the previous year are that the sum of 
£13,684, representing the cost of structural alterations, decorations 
and other expenditure incurred in connection with the transfer of 
the offices of the Institute, has been included among the assets, 
while the liabilities include a bank overdraft of £9,760 and the cost 
of the cancelled Meeting in the United States of America (£984), 
which has been charged to the reserve created for such purposes. 

In other respects the Balance Sheet is comparable with those 
for previous years. Sundry debtors, stock of Journals, office furni- 
ture and the Library have, as usual, not been valued. The market 
values of the investments of the General Fund and of the Life Com- 
position Fund were £26,138 and £3,115, respectively; these figures 
are less than those for the previous year (£28,307 and £3,264, re- 
spectively), owing to the general fall in the value of securities. The 
market value of the investments of the General Fund was £1,241 
greater, and the market value of the investments of the Life Com- 
position Fund was £156 less than their purchase prices at which 
they are valued in the Balance Sheet. 


General Fund.—Income and Expenditure Account. 


The ordinary income of the General Fund was £13,480, an in- 
crease of £819 over that of the previous year; the expenditure was 
£15,807, or £1,382 higher than in the previous year. The increase 
in expenditure is mainly due to the increase in salaries which is 
the result of additional staff required for the increased activities of 
the Institute, to additional printing costs resulting from the larger 
membership and greater size of publications issued to Members, to 
the increased cost of rent and services at the new offices and to the 
cost of removal and other incidental expenses. Included in the 
income is the sum of £550 paid by the Institute of Metals in respect 
of rent and as a contribution to the cost of the Joint Library for six 
months; these figures will be doubled during the current full year. 
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The receipts of the Special Subscription Fund were £2,853 
(compared with £3,001), and this sum has, as usual, been taken into 
account. After the usual transferences to reserve accounts, the 
income and expenditure account showed a balance of £104, being 
excess of income for the year. 


Special Subscription Fund. 


The total subscriptions received by the Special Subscription 
Fund during the year were, as mentioned above, £2,853, or £148 
less than during the previous year. 

The Council wish again to express their grateful thanks to the 
Companies and Associations which have contributed to the Special 
Subscription Fund and to those individuals who have personally 
interested themselves in the payment of these subscriptions. The 
following is a list of subscribers to the Fund during the year : 


C. Akrill & Co., Ltd. 

Edgar Allen & Co., Ltd. 
Andrews Toledo, Ltd. 

John Bagnall & Sons, Ltd. 
John Baker & Bessemer, Ltd. 
Baldwins, Ltd. 

Arthur Balfour & Co., Ltd. 
Frederick Braby & Co., Ltd. 
Brightside Foundry & Engineering Co., Ltd. 
Briton Ferry Steel Co., Ltd. 

Broken Hill Proprietary Co., Ltd. 

Burnell & Co., Ltd. 

Bynea Steel Works, Ltd. 

Clay Cross Co., Ltd. 

Colvilles, Ltd. 

Consett Iron Co., Ltd. 

Davy and United Engineering Co., Ltd. 
Darwen & Mostyn Iron Co., Ltd. 

Dorman, Long & Co., Ltd. 

Thos. Firth & John Brown, Ltd. 

W. T. Flather, Ltd. 

General Refractories, Ltd. 

Guest Keen Baldwins Iron & Steel Co., Ltd. 
Guest Keen & Nettlefolds, Ltd. 

J.J. Habershon & Son, Ltd. 

Hadfields, Ltd. 

Wm. Jessop & Sons, Ltd. 

Kayser Ellison & Co., Ltd. 

Lancashire Steel Corporation, Ltd. 

Arthur Lee & Sons, Ltd. 
Llanelly Steel Co. (1907), Ltd. 
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John Lysaght, Ltd. 

Neepsend Steel & Tool Corporation, Ltd. 
Newton Chambers & Co., Ltd. 

Old Castle Iron & Tin-plate Co., Ltd. 
Samuel Osborn & Co., Ltd. 
Oughtibridge Silica Firebrick Co., Ltd. 
Park Gate Iron & Steel Co., Ltd. 
Partridge Jones & John Paton, Ltd. 
Thomas Perry & Sons, Ltd. 

Round Oak Steel Works, Ltd. 
Sheepbridge Coal & Iron Co., Ltd. 
Sheet Makers’ Conference. 
Simon-Carves, Ltd. 

F. R. Simpson & Co., Ltd. 

South Durham Steel & Iron Co., Ltd. 
South Wales Siemens Steel Association. 
Spear & Jackson, Ltd. 

Stanton Ironworks Co., Ltd. 

Stewarts & Lloyds, Ltd. 

John Summers & Sons, Ltd. 

Tata, Ltd. 

Richard Thomas & Co., Ltd. 

United Steel Companies, Ltd. 

Upper Forest & Worcester Steel & Tinplate Works, Ltd. 
Vickers, Ltd. 

T. W. Ward, Ltd. 

Welsh Plate & Sheet Manufacturers’ Association. 
Whitehead Iron & Steel Co., Ltd. 


The Millom and Askam Hematite Iron Co., Ltd., have agreed to 
subscribe as from Ist January, 1939. 

Reference is made below to the Council’s appeal for donations 
to the House Fund and for industrial subscriptions for a period of 
seven years. 


Andrew Carnegie Research Fund. 


The income of the Andrew Carnegie Research Fund for the year 
was £1,248 (compared with £1,153 during the previous year) and 
the expenditure was £1,100 (compared with £1,155). Research 
grants paid during the year amounted to £775, the same amount as 
during the previous year, and the nett cost to the Fund was £625, 
or £50 greater than in the previous year. The Balance Sheet is 
comparable with those for previous years; the market value of the 
investments of the Fund as at 3lst December, 1938, was £29,062, 
and the purchase price at which they are valued was £25,356 
(compared with £31,454 and £25,356, respectively, as at the end of 
the previous year). 
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Williams Prize Fund. 


An award of £100 was made during the year, and the excess of 
income over expenditure was £13. The market value of the securities 
of the fund as at 31st December, 1938, was £3,392, and the purchase 
price at which they are valued in the Balance Sheet was £2,670 
(compared with £3,075 and £2,220, respectively, as at the end of the 
previous year). 


Hovusse Funp AND INDUSTRIAL SUBSCRIPTIONS. 


The Council have decided on the occasion of the Annual Meeting, 
1939, to issue an appeal for donations to the House Fund and for 
special annual subscriptions for a period of seven years. The appeal 
is directed primarily to Companies and Firms connected with the 
iron and steel industry. The objects of the appeal are to provide 
a sum of not less than £15,000 in order to pay the cost of securing 
and equipping the new premises of the Institute at No. 4 Grosvenor 
Gardens, London, 8.W.1., and to provide an assured annual income 
from the industry of not less than £4,000 (additional to that derived 
from membership fees and other sources of income). Contributors 
are asked to pay their subscriptions under covenant for a period of 
not less than seven years, so that the Institute may benefit by obtain- 
ing a refund of income tax. The industrial subscriptions are in- 
tended to take the place of the special subscriptions from the 
industry which have been received since 1933. The Council hope 
that not only those Companies and Associations which have pre- 
viously contributed to the Special Subscription Fund will subscribe 
to this appeal, but also that other Companies, Firms and Associations 
will do so. 

The Council have already acknowledged their indebtedness to 
subscribers to the Special Subscription Fund, but they consider 
that some change in these subscriptions is desirable both in order 
that the cost may be more evenly distributed over the industry and 
also that the Institute may be assured of maintenance of subscriptions 
over a period of years. 


CHANGES ON THE COUNCIL. 


The Right Honourable the Earl of Dudley, M.C., was inducted 
as President at the Annual Meeting on 4th May, 1938. 

During the year Mr. H. Spence Thomas was nominated an 
Honorary Vice-President and the Honourable R. G. Lyttelton and 
Mr. A. B. Winder were elected Members of Council. Mr.C.J. Walsh 
became an Honorary Member of Council on succeeding Mr. W. B. 
Baxter as President of the Lincolnshire Iron and Steel Institute ; 
Mr. W. H. Lewis became an Honorary Member of Council on suc- 
ceeding Mr. T. G. Bamford as President of the Staffordshire Iron 
and Steel Institute; and Mr. A. Scholes became an Honorary 
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Member of Council on succeeding Mr. T. B. Smith as President of 
The Cleveland Institution of Engineers. 

In accordance with Bye-Law 10, the names of the following 
Vice-Presidents and Members of Council were announced as being 
due to retire at the Annual Meeting in 1939 : 


Vice Presidents: Mr. J. Craig, C.B.E.; Mr. C. E. Lloyd; 
Dr. W. H. Hatfield, F.R.S. 
Members of Council: Principal C. A. Edwards, F.R.S.; 
Captain R. 8. Hilton; Mr. E. F. Law; Mr. W. J. Brooke; 
Mr. F. Clements. 


No other Members having been nominated up to one month 
previous to the Annual Meeting, the retiring Members are presented 
for re-election. 


Honours CONFERRED ON MEMBERS. 


The Council congratulate Members of the Institute on honours 
and appointments received during 1938. 

Sir Andrew Duncan was made a G.B.E. and Mr. C. Bruce Gard- 
ner was created a Knight Bachelor. Mr. G. Summers was appointed 
Deputy-Lieutenant of Flintshire, and Lord Dudley was made an 
Officer of the Venerable Order of the Hospital of St. John of Jerusalem. 

Sir Robert L. Mond and Dr. G. D. Bengough were elected Fellows 
of the Royal Society. Dr.-Ing. h.c. Wolfgang Reuter was made an 
Honorary Member of the Verein deutscher Eisenhiittenleute and 
Dr. C. H. Desch, F. R.S8., received the same honour from the Deutsche 
Gesellschaft fiir Metallkunde. Several Members were honoured 
by the American Institute of Mining and Metallurgical Engineers : 
Sir Harold Carpenter, F.R.S., and Professor A. M. Portevin were 
made Honorary Members; Sir Robert Hadfield, Bart., F.R.S., 
and Professor Henry Louis were awarded the Diploma and Insignia 
to commemorate their fifty years of membership of that body, and 
Mr. T. 8S. Washburn and Mr. H. J. Nead received the Robert Wools- 
ton Hunt Award. Sir Robert Hadfield also received the Trasenster 
Medal and Diploma for 1938 of the Association des Ingénieurs de 
Liége. Professor A. M. Portevin was elected an Honorary Member 
of the Foundry Association of Czechoslovakia. The E. J. Fox Gold 
Medal was presented to Mr. J. E. Hurst by the Institute of British 
Foundrymen; the M. C. James Gold Medal to Dr. T. Swinden by 
the North-East Coast Institution of Engineers and Shipbuilders ; 
and the Melchett Medal to Professor R. V. Wheeler by the Institute 
of Fuel. Mr. H. W. McQuaid was awarded the Albert Sauveur 
Achievement Award for 1938 by the American Society for Metals, 
and Professor P. Chevenard received the Gold Medal of the Asso- 
ciation Technique de Fonderie; Dr. 8. F. Dorey was awarded the 
Percy Still Medal for 1937-38 by the Diesel Engine Users’ Association, 
and Mr. J. A. Farrell the Gold Medal of the American Irish Historical 
Society. Professor Léon Guillet received the degree of Doctor of 
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Applied Science from the University of Prague, and Professor A. M. 
Portevin was awarded the honorary degree of the University of 
Zirich. The honorary degree of Doctor of Science was conferred 
on Mr. H. B. Allen by the Temple University of Philadelphia, and 
Mr. W. T. Griffiths was awarded the degree of Doctor of Science by 
the University College of Swansea. Mr. F. C. Edwards became a 
Fellow of the Institute of Chemistry, Mr. Brynmor Jones was 
awarded the degree of D.Sc. by the University of Wales, Mr. L. 
Northcott received the same degree from Birmingham University 
and Mr. L. E. Price obtained the degree of Ph.D. at Cambridge 
University. 

Lord Dudley was elected President of the Parliamentary Science 
Committee; Dr. J. H. Gough, F.R.S., was appointed Director of 
Scientific Research at the War Office, and Sir Charles Bruce Gardner 
and Mr. S. R. Beale were invited to join the Panel of Industrial 
Advisors to the Air Ministry. Mr. A. F. Burstall has become Dean 
of the Faculty of Engineering at Melbourne University, and Professor 
A. M. Portevin was appointed Director of the Ecole Supérieure de 
Fonderie, Paris. Dr. W. Hume-Rothery, F.R.S., was elected a 
Fellow of Magdalen College. Mr. David E. Roberts became Presi- 
dent of the Institution of Mechanical Engineers; Mr. W. P. Woodside 
President of the American Society for Metals; Dr. C. C. Paterson, 
O.B.E., President of the Institute of Physics. Mr. F. C. Mehl 
became Chairman of the Institute of Metals Division of the American 
Institute of Mining and Metallurgical Engineers; Professor J. H. 
Andrew was elected Vice-President and Mr. J. W. Donaldson 
Member of Council of the Institute of Metals; and Professor P. 
Chevenard became a Vice-President of the Société Francais de 
Physique. Mr. A. J. Grant was elected Master Cutler of Sheffield. 
Mr. P. B. Henshaw became President of the Crucible Steel Makers’ 
Association, and Mr. F. S. Russell President of the Refractories 
Association of Great Britain. Mr. James Henderson became 
President, Mr. G. Summers Vice-President and Mr. T. Stevenson 
Secretary of the re-formed British Steelwork Association. Sir 
Charles Bruce Gardner was appointed Chairman of the Society of 
British Aircraft Manufacturers and Mr. C. R. Hook was elected 
President of the National Association of Manufacturers for 1938. 
Lord Dudley was re-elected President of the Birmingham Chamber 
of Commerce, and Mr. L. Highton took up the corresponding position 
on the Workington Chamber of Trade and Commerce. Mr. J. G. 
Galloway was appointed Master of the Company of Merchants of 
Edinburgh, and Mr. A. Dunbar was chosen as President of the 
Sheffield Caledonian Society. 


BrEssEMER GOLD MEDAL. 


The Bessemer Gold Medal for 1938 was awarded to Dr. C. H. 
Desch, F.R.S., in recognition of his services in promoting the 
knowledge of metallurgy and allied sciences. 
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The Council have decided to award the Bessemer Gold Medal 
for 1939 to Mr. James Henderson. 


ANDREW CARNEGIE GOLD MEDAL. 


The Andrew Carnegie Gold Medal for 1938 was awarded to Dr. 
James White for his paper on “ Equilibrium at High Temperatures 
in Systems Containing Iron Oxides,” published in the Carnegie 
Scholarship Memoirs for 1938, Volume XXVII. (The presentation 
to be made at the Annual Meeting, 1939.) 

An Andrew Carnegie Gold Medal has also been awarded to Herrn 
Dr.-Ing. W. Ruff for his paper on “ The Running Quality of Liquid 
Malleable Iron and Steel,” which was published in the Carnegie 
Scholarship Memoirs for 1936, vol. 25. (The award to be announced 
at the Annual Meeting, 1939.) 


WILLIAMS PRIZE. 


The Williams Prize for 1938 was awarded to Mr. D. V. Krishna 
Rao for his paper on “‘ The New Steel Plant of the Mysore Iron 
and Steel Works, Bhadravati, India,’ which was published in the 
No. II. Volume of the Journal of the Iron and Steel Institute for 
1938. (The award to be announced at the Annual Meeting, 1939.) 


ABLETT PRIZE. 


The Council accepted an offer from Captain C. A. Ablett, O.B.E., 
B.Se., M.Inst. C.E., Managing Director of The Cooper Roller Bearings 
Co., Ltd., to present a prize of £50 for the paper which, in the 
opinion of the Council, is the best paper on a subject connected with 
engineering in iron or steel works, to be presented at the Annual 
Meeting of the Institute in May, 1939, written by a junior engineer, 
whether or not he is a Member of the Institute, the conditions being 
that the author of the paper shall be a British subject and that at 
the time of presenting the paper he shall be employed in an iron or 
steel works in Great Britain or the British Empire, provided that he 
is under 35 years of age and holding a position not higher than that 
of a Departmental Engineer. 

(The Council have decided to award the Ablett prize for 1939 to 
Mr. H. Escher of New South Wales, Australia, for his paper on 
“Ten Years’ Development in Steam Engineering at the Port 
Kembla Works, N.S.W., Australia.’’) 

The Council wish to record their thanks to Captain Ablett for 
presenting this prize. 


ANDREW CARNEGIE RESEARCH SCHOLARSHIPS. 
Grants were made by the Council in 1938 to the following 
candidates : 


G. E. A. Bramury (The University, Sheffield) —£100 in aid of a research 
on the determination of oxygen in steel. 


1939—i E 
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P. T. Carter (Armstrong College, Newcastle-on-Tyne).—£100 in aid of 
an investigation on the properties of graphite. 

R. Grirrirus (University College, Swansea).—£100 in aid of a research 
on the oxidation of steel. 

G. Parker (The University, Leeds).—£100 in aid of a research on the 
oxidation and scaling of steel. 


; (The above researches are being carried out on behalf of the Joint Research 
Committees of the Iron and Steel Industrial Research Council and the 
Institute.) 

Orro GESSNER (Breslau, Germany).—£100 in aid of investigations on the 
‘* internal friction ”’ of cast-iron alloys, steel, metals and alloys and 
slags. 

B. Knapp (Berlin, Germany).—£100 in aid of a research on the mechanism 
of the reaction of carbon with hydrogen in steel. 

B. LsunGGREN (Stockholm, Sweden).—£100 in aid of a microsclerometric 
investigation of grain boundaries. 

A. B. Wiytersortrom (Trondheim, Norway).—£100 in aid of an investiga- 
tion of the formation and growth of oxide films on metals by polari- 
metric methods. 


THE WoRSHIPFUL COMPANY OF BLACKSMITHS. 


In accordance with the understanding with the Wardens of the 
Worshipful Company of Blacksmiths, an application for nomination 
for admission to the Company was considered, and Mr. T. L. Addy 
Taylor of London was recommended by the Council for admission 
to the Company. 

MEETINGS. 


Proposed Visit to the United States of America and Canada. 


The Council regret that owing to the international situation it 
was necessary to cancel the proposed visit of Members of the Institute 
and of Members of the Institute of Metals to the United States of 
America and to Canada a few days before the party for Canada was 
due to sail; accordingly the proposed Joint Autumn Meeting in 
New York with the Institute of Metals and with the American 
Institute of Mining and Metallurgical Engineers and the American 
Iron and Steel Institute could not be held. The Council wish to 
record their deep regret at the inconvenience caused to friends in 
Canada and the United States of America and also to Members, and 
their great appreciation of the hospitality offered by the American 
Institute of Mining and Metallurgical Engineers, the American Iron 
and Steel Institute and the Canadian Institute of Mining and 
Metallurgy, as well as by the many Government Departments, 
Laboratories, Works and individuals, who had collaborated in pre- 
paring a programme of exceptional interest. 





Annual Meeting. 


The Annual Meeting of the Institute was held on Wednesday, 
Thursday and Friday, 4th, 5th and 6th May, 1938. During the first 
two days, in addition to the general business of the Institute, papers 
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contributed to a Symposium on Steelmaking (Acid and Basic Open- 
Hearth Practice) were presented and discussed. On Friday, 6th 
May, a number of other papers presented to the Institute were read 
and discussed. Mr. Alfred Hutchinson, M.A., B.Sc., the retiring 
President, was followed in the Chair by the Right Honourable the 
Earl of Dudley, M.C., the incoming President. 


Annual Dinner. 


The Annual Dinner took place at Grosvenor House, Park Lane, 
London, W.1., on Thursday, 5th May, 1938, and was attended by 
over eight hundred Members and guests. The following proposed 
or replied to toasts : 


His Excellency Baron de Cartier de Marchienne, G.C.V.O. 
(Belgian Ambassador). 

The Right Hon. The Earl of Dudley, M.C. (President). 

Mr. Alfred Hutchinson, M.A., B.Sc. (Past-President). 

The Right Hon. Sir Thomas Inskip, P.C., M.P. (Minister for 
Co-ordination of Defence). 

Mr. W. R. Lysaght, C.B.E. (Past-President). 

The Right Hon. The Marquis of Willingdon, P.C., G.C.S.L., 
G.C.M.G., G.C.I.E., G.B.E. 


Autumn Meeting. 


The Autumn Meeting was held in London on 26th October, 
owing to the abandonment of the Autumn Meeting in New York. 
In the absence of the President, Sir Harold Carpenter, F.R.S., 
Past-President, was in the Chair, and a number of papers were 
presented and discussed. 

The Council wish to express their thanks to the Council of the 
Institution of Civil Engineers for again permitting both the Annual 
and the Autumn Meetings to be held on their premises. 


Additional Autumn Meeting. 


An additional Meeting was also held at Cardiff on Friday and 
Saturday, 2nd and 3rd December, 1938, by invitation of Colonel 
Sir W. Charles Wright, Bart., K.B.E., C.B. (Past-President), and 
Mr. J. S. Hollings (Vice-President). On Friday evening at 7.30 P.M. 
a number of technical papers were discussed in the Lecture 
Theatre of the South Wales Institute of Engineers, Cardiff; Mr. 
J. S. Hollings (Vice-President) was in the Chair. On Saturday 
morning Members of the Institute visited the East Moors Works by 
invitation of the Guest Keen Baldwins Iron & Steel Company, 
Limited, and after the visit refreshments were kindly provided by 
the Company in the Works canteen. 

The Council desire to take this opportunity of expressing their 
warm appreciation to the Chairman, Directors and members of the 
staff of the Guest Keen Baldwins Iron and Steel Company, Limited 
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for the hospitality with which the Members were received and for 
all the trouble that they took to make the visit interesting. 


Joint Meetings. 
(For the period from 31st March, 1938, to 31st March, 1939.) 


During the autumn and winter months the following joint 
meetings were held with the Societies named : 


Tuesday, 8th November, 1988: The Staffordshire Iron and Steel Institute. ( 


Place and Time : Imperial Hotel, Temple Street, Birmingham, 
at 7.0 P.M. 
Chairman: Mr. W. H. Lewis, President of the Staffordshire 
Iron and Steel Institute. 
Papers : 
‘* Steelworks Refractories,” by Dr. T. Swinden and Dr. 
J. H. Chesters. 
‘*Some Experiences in the Design and Control of Open- 
Hearth Furnaces,” by Dr. R. J. Sarjant and Mr. E. J. 
Barnes. 


: (The above papers formed part of the Symposium on Steelmaking which was 
i held in London in May, 1938.) 


| Tuesday, 6th December, 1938 : The Lincolnshire Iron and Steel Institute. 


Place and Time : The Modern School, Cole Street, Scunthorpe, 
at 7.30 P.M. 
Chairman : Mr. C. J. Walsh, President of the Lincolnshire Iron 
and Steel Institute. 
Papers: 
** The Steel Plants of the Frodingham District, Scunthorpe,” 
by Mr. J. B. R. Brooke, Mr. 8. R. Isaac, and Mr. A. 
Robinson. 
‘“*The Appleby—Frodingham Steel Company’s Melting 
Shops,”’ by Mr. A. Robinson. 
** John Lysaght, Ltd., Normanby Park Steelworks, Scun- 
thorpe,” by Mr. J. B. R. Brooke. 
‘*The Redbourn Works Melting Shop of Messrs. Richard 
Thomas & Co., Ltd.,”’ by Mr. 8. R. Isaac. 
(The above papers were contributed on behalf of the Lincolnshire District to 
the Symposium on Steelmaking which was held in London in May, 1938.) (' 


‘*The Development of the Open-Hearth Steelmaking Pro- 
cesses in Recent Years in the United States of America,” 
by Mr. L. F. Reinartz. 


(This paper was presented by the author’s brother, Mr. P. M. Reinartz, E 
Managing Director, Armco Eisen, Cologne, Germany.) t 
Tuesday, 6th December, 1938 : Sheffield Society of Engineers and Metal- L 
lurgists and the Sheffield Metallurgical Association. t 


Place and Time : Metallurgical Association Rooms, West Street, 
Sheffield, at 7.30 p.m. 
Chairman: Dr. W. H. Hatfield, F.R.S., Vice-President of the 
Iron and Steel Institute. 
Paper: 
‘* Quench-Ageing of Steels,” by Professor J. H. Andrew and 
Dr. E. M. Trent. fi 


(The paper was presented by Dr. E. M. Trent.) 
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Monday, 19th December, 1938: The Cleveland Institution of Engineers. 
Place and Time : Cleveland Scientific and Technical Institute, 
Corporation Road, Middlesbrough, at 7.30 p.m. 
Chairman: Mr. A. Dorman, Vice-President of the Iron and Steel 
Institute. 
Paper : 
** Practice at the Works of the South Durham Steel & Iron 
Co., Ltd., and Cargo Fleet Iron Co., Ltd.,’’ by Mr. J. 
Winter, in collaboration with the Melting Shop Managers 
and staffs of the Cargo Fleet, South Durham Group. 
(This paper formed part of the Symposium on Steelmaking which was held in 
London in May 1938.) 


Saturday, 14th January, 1939 : Newport and District Metallurgical Society. 

Place and Time: Newport Technical College, Newport, Mon., 
at 6.30 P.M. 

Chairman: Mr. G. H. Latham, Chairman of the Newport and 
District Metallurgical Society. 

Paper: 
‘*The Basic Open-Hearth Modern Plant and Practice,’’ by 

Mr. J. A. Davies. 


Wednesday, 18th January, 1939 : Manchester Metallurgical Society. 
Place and Time: Assembly Room, Blackfriars House, Black- 
friars Street, Manchester, at 7.15 p.m. 
Chairman: Mr. J. L. Herbert, President of the Manchester 
Metallurgical Society. 
Paper: 
**The Cold Deformation and Recrystallisation of Metal 
Crystals,” by Dr. J. W. Rodgers. 


Thursday, 9th March, 19389: The Sheffield Branch of the Institute of 
British Foundrymen. 
Place and Time: The Royal Victoria Station Hotel, Sheffield, 
at 8.0 P.M. 
Chairman : Mr. W. J. Dawson, Chairman of the Steel Castings 
Research Committee. 
Report : 
‘* First Report of the Moulding Materials Sub-Committee,” 
being a Section of the Third Report of the Steel 
Castings Research Committee. 


(This Report was presented by Mr. W. J. Rees, Chairman of the Moulding 
Materials Sub-Committee, followed by Dr. R. J. Sarjant and Mr. 
T. R. Walker.) 


The Meetings were well attended and the interest shown in the 
Reports and papers was gratifying. The Council wish to record 
their appreciation to the Presidents, Councils and Secretaries of the 
Local Societies, as well as to the authors of papers, for their con- 
tributions to the success of the Meetings. 


RELATIONS WITH OTHER SOCIETIES AND TECHNICAL 
INSTITUTIONS. 


The Council are pleased to be able to report the continuance of 
friendly relations with other Scientific Societies and Technical 
Institutions. 
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Co-operation with the Institute of Metals. 


Five hundred and ninety-two Members and Associates of the 
Institute are also Members or Student Members of the Institute of 
Metals. Under arrangements which came into force on Ist January, 
1937, joint membership of the two Institutes is obtainable on payment 
of a joint subscription at the reduced rate of £5 5s. Od. per annum 
and for a common entrance fee of £2 2s. 0d. Existing Members 
of one Institute are entitled to join the other without payment of 
entrance fee if they take up membership within twelve months of 
election and after that period on payment of an entrance fee of 
£1 1s. Od. 

Student Members and Members of the Institute of Metals are 
accepted as Associates of the Iron and Steel Institute up to the age of 
thirty and Associates and Members of the Iron and Steel Institute 
are accepted as Student Members of the Institute of Metals up to 
the age of twenty-six. The subscription of Associates and Student 
Members is £1 ls. Od. to each Institute, without entrance fee or 
transfer fee on taking up full membership. 

Reference has already been made to the arrangements by which 
part of the new premises at No. 4 Grosvenor Gardens has been sub- 
let to the Institute of Metals from 24th June, 1938, for the full 
period of the Institute’s lease. The Councils are confident that 
these arrangements, which provide for closer co-operation in the 
work of the two Institutes while maintaining their separate identities, 
are in the best interests of the Members. 


Co-operation with Technical Societies Outside Great Britain. 


Friendly relations have been maintained with a number of 
Societies and Technical Institutions outside Great Britain, and the 
special arrangements reported a year ago with the American Institute 
of Mining and Metallurgical Engineers, L’ Association des Ingénieurs 
Sortis de I’Ecole de Liége and Jernkontoret have been maintained. 

In accordance with reciprocal arrangements first inaugurated in 
1936, Associates or Members of the Iron and Steel Institute, other 
than those residing in America, if under the age of thirty-three, are 
entitled to become Foreign Student Members of the A.I.M.E. on 
favourable terms. Since 1936 thirty-nine Members and Student 
Members of the American Society have joined the Iron and Steel 
Institute under these arrangements and twenty Members and 
Associates of the Iron and Steel Institute have joined the A.I.M.E. 

By agreement with Jernkontoret, members of the staffs of Com- 
panies which are members of Jernkontoret may remain Associates 
of the Institute up till the age of thirty, and Members of the Institute 
are entitled to purchase Jernkontorets Annaler at specially reduced 
prices. Information can be obtained from the Secretary of the 
Institute. 
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Participation in Meetings and Congresses. 


The Institute was invited to take part in a number of meetings 
and congresses held during the year and the Council wish to record 
their appreciation of all invitations received. They were represented 
at the Annual Engineering Conference of the Institution of Engineers, 
Australia, held at Sydney, New South Wales, during the week 
commencing 28th March, 1938, by Mr. Essington Lewis of the 
Broken Hill Proprietary Co., Ltd., at the General Meeting of the 
Verein deutscher Eisenhiittenleute held at Diisseldorf on 5th and 
6th November, 1938, by Mr. K. Headlam-Morley, and at a Conference 
on Corrosion organised by the Office Technique pour |’Utilisation de 
lAcier on 21st-24th November, 1938, by Dr. J. C. Hudson. The 
Institute also participated in the International Engineering Congress, 
Glasgow, from 21st to 24th June, 1938, and in the meeting organised 
by the Institution of Automobile Engineers on 10th March, 1939, 
for the discussion of papers on “ Factors contributing to Comfort in 
Travel.” 

Joint Committee on Materials and their Testing. 

In addition to the Institute, twenty-five Societies in Great 
Britain are represented on this Committee, the terms and objects 
of which are as follows : 


To act as the British national organisation in matters 
relating to materials and their testing, with the following 
objects, namely : 

(1) To promote joint discussions on the wider aspects 
of those subjects falling within the terms of reference. 

(2) To assist a co-operating Institution or Society in 
the presentation of a paper or group of papers dealing 
with a more detailed aspect of one of the subjects falling 
within the terms of reference. 

(3) To undertake those duties with respect to inter- 
national matters which properly devolve on the Joint 
Committee in accordance with its terms of reference. 


Sir Harold Carpenter, F.R.S., has been nominated to succeed 
Dr. H. J. Gough, F.R.S., as independent Chairman of the Joint 
Committee for the year beginning Ist April, 1939. The second 
general discussion organised by the Joint Committee was held on 
Friday, 25th November, 1938, by invitation of the Institution of 
Electrical Engineers at their offices in London. The subject of 
discussion was Non-Destructive Testing and the following papers 
were presented : 


Magnetic and Electrical Methods. 

“The Non-destructive Testing of Materials by Electrical and Mag- 
netic Methods,”’ by A. P. M. Fleming, C.B.E., D.Eng., M.Sc., 
and B. G. Churcher. 

** Non-destructive Testing, based on Magnetic and Electrical Prin- 
ciples,’ by Dr. R. Berthold (Germany). 
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X-Rays and Gamma-Rays. 

** Radiography—an Aspect of Non-destructive Testing,” by V. E 
Pullin, C.B.E. 

*‘ Industrial Radiography on the Continent of Europe,”’ by Ir. J. E. 
de Graaf (Holland). 

Acoustic and General Methods. 

** Acoustic and General Methods of Non-destructive Testing,’ by 
8. F. Dorey, D.Sc. 

‘Modulus of Elasticity and Damping in relation to the State of 
the Material,” by F. Forster, Dr.Phil., and Prof. W. Késter, 
Dr.Phil. (Germany). 

American Practice. 

** Non-destructive Testing in the U.S.A.,” by H. H. Lester, R. L. 

Sanford, and N. L. Mochel. 


Engineering Public Relations Committee. 


The Institute has continued its membership of the Engineering 
Public Relations Committee formed by the Institution of Civil 
Engineers and consisting of representatives of fourteen Societies 
and Institutions. 


Co-operation with Local Technical Societies. 


The Council are pleased to report that friendly co-operation 
with a number of local Technical Societies has been continued. In 
accordance with arrangements which have been in force for some 
years, mutual collaboration is assured. These arrangements provide 
for the holding of joint meetings, the supply of papers presented to 
the Iron and Steel Institute for reading at meetings of the Local 
Societies when they so desire, and for the extension of the maximum 
age of associate membership of the Institute from twenty-four to 
thirty in the case of those who are members of a Local Society. 

The following is a list of the Societies with which arrangements 
on these lines have been concluded : 


Cleveland Institution of Engineers. 

Ebbw Vale Metallurgical Society. 

Lincolnshire Iron and Steel Institute. 
Manchester Metallurgical Society. 

Newport and District Metallurgical Society. 
Sheffield Metallurgical Association. 

Sheffield Society of Engineers and Metallurgists. 
Staffordshire Iron and Steel Institute. 

Swansea Technical College Metallurgical Society. 
West of Scotland Iron and Steel Institute. 


The Council value the co-operation which has been established 
and wish to express their appreciation to the Councils and Members 
of the Societies concerned; they believe that active co-operation of 
this kind is in the best interests both of the Societies concerned and 
of the Institute. 
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A list of Meetings held during the autumn and winter months 
has been given above. 


PUBLICATIONS. 


Two volumes of the Journal, a volume of Carnegie Scholarship 
Memoirs, four Special Reports and two Supplementary Reports 
were published during the year. 

The monthly Bulletin of the Iron and Steel Institute, containing 
abstracts of technical literature, has also been published during the 
year and is available to all Members on application without charge. 

The following Bibliography was also prepared : 


No, 8.—‘‘ Bibliography on the Physical Chemistry of the Open-Hearth 
Process (Covering the Period from 1920 to 1937).” 


This bibliography is available to Members at a charge of 1s. 
A List of Members was issued. 


Papers and Special Reports. 


The following four Special Reports, two Supplementary Reports 
and twenty-five papers were published during the year : 


Special Report No, 20.—‘‘ The Application of Time Study to Rolling 
Mills.” 

Special Report No. 20a.—‘ Discussion and Reply on ‘ The Application of 
Time Study to Rolling Mills.’ ” 

Special Report No. 21.—‘“* Fifth Report of the Corrosion Committee.” 

Special Report No, 22.—‘‘ Symposium on Steelmaking.” 

Special Report No, 23.—‘‘ Third Report of the Steel Castings Research 
Committee.” 

Special Report No. 234.—‘‘ Discussion, Correspondence and Reply on 
‘ Third Report of the Steel Castings Research Committee.’ ”’ 

ANDREW, J. H., and E. M. Trent.—‘‘ The Quench-Ageing of Steel.” 

Austin, CHARLES R., and H. D. Nicxort.—‘‘ Comparison of the Tensile 
Deformation Characteristics of Alloys at Elevated Temperatures.” 

Baty, Epear C.—“ Grain Size and Hardenability in Steels to be Heat- 
Treated.” 

BEntT, Qurncy.—‘ Modern Rolling-Mill Practice in America (Exclusive 
of Continuous Strip and Sheet Mills).”’ 

Bone, WitiiaMm A., F.R.S., H. L. SaunpErs and H. J. Tress.—‘‘ An 
Experimental Enquiry into the Interactions of Gases and Ore in the 
Blast-Furnace. Part V.—The Influences of Hydrogen and Steam 
at 450-850° C.” 

Burton, H. H., and T. F. Russeti.—* Precipitation-Hardening in Three 
Steels Containing Vanadium.”’ 

CAMPBELL, D. F.—‘ Electric Furnaces in European Steelworks.” 

Epwarps, C. A., F.R.S., D. LurHEer Purtutres and D. F, G. Taomas.— 
“Influence of Composition and Treatment on the Rate of Acid 
Attack on Mild Steel.” 

EprELsHEMER, D,—‘“‘ The Development of Continuous Strip Mills.” 

FARNSWORTH, W. M., and E. R. Jonnson.—‘‘ American Electric-Furnace 
Practice.” 

Gitures, FREDERICK M., and Epwin D. Martin.—‘‘ American Soaking- 
Pit and Reheating-Furnace Design and Practice.” 
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Harrison, R.—‘‘ The Effect of Copper on Some Alloy Steels.” 


Jones, B., and N. Gray.— Martensitic Grains in Rapidly-Cooled Ingot 
Iron and Mild Steel.” 
Jones, J. A., and W. C. Hesetwoopv.—‘ The Effect of Chromium and 


Carbon Contents on the Coefficients of Thermal Expansion of 
Chromium Steels.” 

Matuscuka, BeRNHARD.—“ Solidification in Open-Topped and Closed- 
Topped Ingot Moulds.” 

Mavrer, E., and F. HapERER.—‘“* The Exact Quantitative Estimation of 
Ferric Oxide and Sulphide Sulphur in Basic Slags.”’ 

Norris, Frank G.—‘‘ Factors Affecting Red-Shortness.”’ 

Rao, D. V. Krisuna.—‘‘ The New Steel Plant of the Mysore Iron and 
Steel Works, Bhadravati, India.”’ 

Rerartz, L. F.—‘‘ The Development of the Open-Hearth Steelmaking 
Processes in Recent Years in the United States of America.” 

Ricwarps, C. E.—‘‘ The Atmospheric Corrosion of Galvanised Iron Wire 
and its Bearing on Specification Testing.” 

Ropgers, J. W.—‘‘ The Cold Deformation and Recrystallisation of Metal 
Crystals with Particular Reference to Alpha-Iron.”’ 

Scuwartz, H. A.—‘‘ The Conversion of Solid Cementite into Iron and 
Graphite.” 

Syxes, C., and H. Evans.—‘ Specific-Heat/Temperature Curves of 
Commercially Pure Iron and Certain Plain Carbon Steels.” 








WILLIAMS, ** Recent Developments in the American Iron and 
Steel Industry.” 
Wriceut, Epwin C., and STEVENSON FINDLATER.—‘‘ The Manufacture of 


Seamless Steel Pipe in the Plants of the National Tube Company.” 


The following communication was also printed in the Journal : 
J.E. STEAD (Communicated by H. 8. Kipling).—‘“‘ Note on Brittle Nickel 
Steel.”’ 


Volume X XVII. of the Carnegie Scholarship Memoirs was pub- 
lished in respect of 1938, and contained the following Reports : 


Wuitr, James.,—‘‘ Equilibrium at High Temperatures in Systems 
Containing Iron Oxides.”’ 

Bastien, P. G., and L. Guiiiet, jun.—‘‘ The Influence of some Special 
Additions on Certain Properties of Cast Iron.” 

BAvUKLOH, W., and W. B6éxr.—‘‘ Breakdown Phenomena in Alitised 
Coatings on Carbon-Bearing Iron.”’ 

Bavuxkton, W., and B. Knapp.—‘‘ The Mechanism of the Reaction be- 


tween Hydrogen and Carbon in Iron. A Contribution on the 
Mechanism of Heterogeneous Reactions.” 

Ver6, J. A.—“‘ The Structure of Cast Steel in Relation to the Rate of 
Cooling.” 


Joint LIBRARY AND INFORMATION DEPARTMENTS. 


Joint Library. 


During the year the Libraries of the Iron and Steel Institute 
and the Institute of Metals have been amalgamated and the Joint 
Library is now operated in the interests of Members of the two 
Institutes and of the industries with which they are connected. The 
Joint Library is under the control of the Iron and Steel Institute and 
the Institute is responsible for the appointment of the necessary 
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staff; Mr. R. Elsdon, Librarian of the Iron and Steel Institute, 
has been appointed Librarian of the Joint Library. A Joint 
Advisory Committee has been formed, the constitution of which is 
as follows : 

Nominated by both Institutes. 


Dr. C. H. Desch, F.R.S. (Chairman). 
Sir Harold Carpenter, F.R.S. 


Nominated by the Iron and Steel Nominated by the Institute of 
Institute. Metals. 
Mr. K. Headlam-Morley. Dr. J. L. Haughton. 
Mr. James Henderson. Professor R. 8. Hutton. 
Sir William Larke, K.B.E. Dr. H. Moore, C.B.E. 
Mr. E. F. Law. Mr. G. Shaw Scott. 


The Joint Library now consists of over 20,000 volumes and 
includes important text-books and periodicals dealing with all 
aspects of metallurgy, both ferrous and non-ferrous. Many im- 
portant text-books have been added during the year, and the 
Council wish to take this opportunity of thanking those authors 
and publishers who have made presentations to the Library. 

A list of the additions made to the Library is issued quarterly, 
and copies will be sent to Members on request. 


Collaboration with the Institution of Civil Engineers and The Science 
Library. 


The Councils of the Iron and Steel Institute and the Institute of 
Metals have accepted proposals which have been made by the 
Institution of Civil Engineers for collaboration between the Library 
of that Institution and the Joint Library of the two Institutes. The 
proposals took effect from Ist January, 1939. The conditions are 
as follows : 


(1) Members of the Iron and Steel Institute and of the 
Institute of Metals will have access to the Library of the 
Institution of Civil Engineers. 

(2) Books from the Reference Library of the Institution of 
Civil Engineers may be borrowed by the Librarian of the Joint 
Library for consultation by Members of the Iron and Steel 
Institute and of the Institute of Metals on the understanding 
that such books do not leave the headquarters of those two 
bodies. 

(3) Members of the Iron and Steel Institute and of the 
Institute of Metals may borrow books from the Loan Library 
of the Institution of Civil Engineers, provided that the loan is 
certified by the Librarian of the Joint Library. 


Members of the Iron and Steel Institute and of the Institute of 
Metals who wish to avail themselves of these facilities should 
communicate with the Librarian of the Joint Library, 4 Grosvenor 
Gardens, London, 8.W.1. 
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The proposals are reciprocal, and similar facilities will be accorded 
to Members of the Institution of Civil Engineers who wish to use or 
borrow books contained in the Joint Library. 

The valuable collection of scientific works included in the Science 
Library, South Kensington, is also available for loan by kind per- 
mission of the Director of the Science Library. 


The Bulletin of the Iron and Steel Institute. 


Members have been kept informed of developments in iron and 
steel manufacture and ferrous metallurgy by means of the Bulletin 
of the Iron and Steel Institute, which contains abstracts of the im- 
portant technical literature published in Great Britain and other 
countries. The Bulletin is published monthly and is supplied free 
of charge to members on application. The subscription rate to 
non-members is 30s. per annum ($6 to members of the American 
Iron and Steel Institute, the American Institute of Mining and 
Metallurgical Engineers and the American Society for Metals). 

The majority of the articles abstracted in the Bulletin are filed 
in the Library and are available for loan. The original articles can 
be purchased for Members on request, and photographic copies can 
be supplied under certain conditions. 


Information Department. 


Though the work of the Information Department was somewhat 
impeded by the transfer of the Library to new premises, many 
enquiries from Members and Companies were received and answered. 
A bibliography (referred to on p. 57) was published during the year ; 
copies can be supplied to Members at 1s. each on request. 

The following translations were prepared, and copies are available 
for consultation in the Library, or for purchase at a nominal cost. 


No. 12.—‘‘ Comparative Measurements of Temperature on Heats of Pig 
Iron, Cast Iron and Steel,’’ by K. Guthmann. (Translated from the 
German.) 


No. 13.—‘ The Gating of Castings,’’ by E. M. H. Lips and H. A. Nipper. 
(Translated from the German.) 


Tron AND STEEL INDUSTRIAL RESEARCH COUNCIL. 


Collaboration with the Iron and Steel Industrial Research Council 
has been maintained, and the Institute has continued to take an 
important part in the joint research activities of the industry. The 
Council wish to record their appreciation of the assistance given by 
the Department of Scientific and Industrial Research to scientific 
and technical development in the industry, and to the British Iron 
and Steel Federation and the Iron and Steel Industrial Research 
Council for their valuable co-operation. They wish also to thank 
the Associations, Companies and individuals who have contributed 
generously in time and money to research, and to express their 
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appreciation of the valuable work which is being done by many 
Government, University, industrial and private laboratories. 


TECHNICAL COMMITTEES. 


The following four Committees are Joint Committees of the 
Institute and the Iron and Steel Industrial Research Council 
engaged on co-operative research; the list includes the Sub-Com- 
mittees and Panels appointed by the Committees : 


Alloy Steels Research Committee : Chairman, Dr. W. H. Hatfield, F.R.S. 
Established June, 1934. Meetings held during 1938: eight. 
Sub-Committee A, Thermal Treatment: Chairman, Mr. P. B. 
Henshaw. Established January, 1936. Meetings held 
during 1938: seven. 
Hair-Line Crack Sub-Committee : Chairman, Dr. W. H. Hatfield, 
F.R.S. Established July, 1938. 


Corrosion Committee: Chairman, Dr. W. H. Hatfield, F.R.S. Estab- 
lished July, 1928. Meetings held during 1938: seven. 
Laboratory Research Sub-Committee : Chairman, Dr. U. R. Evans. 
Established June, 1930. Meetings held during 1938: one. 
Protective Coatings Sub-Committee: Chairman, Mr. T. M. Her- 
bert. Established January, 1936. Meetings held during 
1938: five. 
Marine Corrosion Sub-Committee: Chairman, Dr. G. D. Ben- 
gough, F.R.S. Re-formed November, 1938. 


a of Steel Ingots Committee : Chairman, Dr. W. H. Hatfield, 
F.R.S. Established May, 1924. Meetings held during 1938: eight. 
Liquid Steel Temperature Sub-Committee : Chairman, Mr. E. W. 
Eleock. Established March, 1929. Meetings held during 

1938: one. 

Ingot Moulds Sub-Committee (joint with the Open-Hearth 
Committee of the Iron and Steel Industrial Research 
Council): Chairman, Mr. R. H. Myers. Established 
November, 1934. Meetings held during 1938: two. 

Oxygen Sub-Committee: Chairman, Dr. T. Swinden. Estab- 
lished January, 1936. Meetings held during 1938: two. 
(Several Meetings of Panels appointed by the Sub-Com- 
mittee were held.) 

Inclusions Count Sub-Committee: Chairman, Dr. W. H. Hatfield, 
F.R.S. Established November, 1936. Meetings during 
1938 not recorded. 

A Joint Conference on the Physical Chemistry of Steelmaking 
(formed jointly by the Committee on the Heterogeneity of 
Steel Ingots and the Open-Hearth Committee of the Iron 
and Steel Industrial Research Council): Chairman, Dr. 
T.Swinden. Established September, 1938, but no meetings 
held during 1938. 


Steel Castings Research Committee: Chairman, Mr. W. J. Dawson. 
Established November, 1934. Meetings held during 1938: five. 
Moulding Materials Sub-Committee : Chairman, Mr. W. J. Rees. 
Established March, 1936. Meetings held during 1938: 
eight. 
Foundry Practice Sub-Committee : Chairman, Mr. F. H. Lloyd. 
Established May, 1938. Meetings held during 1938: five. 
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The Fifth Report of the Corrosion Committee was published at 
the Annual Meeting, 1938, and the Third Report of the Steel Castings 
Research Committee at the Autumn Meeting, 1938. 


APPOINTMENT OF REPRESENTATIVES. 


The following is a list of the Institute’s representatives on 
various governing bodies and committees for the year 1938; it 
has been brought up to date to March 31, 1939 : 


BritisH Association, Fuel Economy Committee: Sir Robert 

Hadfield, Bt., F.R.S. 

British Cast I[RoN RESEARCH AssocIATION: Professor T. 

Turner. 

BritisH CORPORATION REGISTER OF SHIPPING AND AIRORAFT, 

Committee of Management and Technical Committee : 

Dr. A. McCance. 

British ELECTRICAL AND ALLIED INDUSTRIES RESEARCH 
ASSOCIATION, 

Sub-Committee J/E, Joint Committee, Steels for High 
Temperatures: Dr. W. H. Hatfield, F.R.S., Dr. T. 
Swinden. 

Sub-Committee J, Earthing to Water Mains: Dr. J. C. 
Hudson. 

BritisH [RON AND STEEL FEDERATION, Statistical Committee : 

Mr. K. Headlam-Morley. 

BritTisH REFRACTORIES RESEARCH ASSOCIATION, Council: Mr. 

F. W. Harbord, C.B.E. 

BritTIsH STANDARDS INSTITUTION, 

Chemical Engineering Divisional Council: Mr. E. F. Law. 

Engineering Divisional Council E/-: Mr. T. W. Hand, Mr. 
W. J. Brooke, Mr. James Henderson. 

Sub-Committee M33/7, Protective Glasses for Welders and 
Industrial Purposes: Dr. C. H. Desch, F.R.S. 

Technical Committee B/16, Breeze and Clinker Slabs: Mr. 
F. W. Harbord, C.B.E. 

Technical Committee CH/17, Symbols used in Diagrams of 
Chemical Engineering Plant: Mr. A. E. Chattin. 

Technical Committee EL/28, Fans: Mr. A. F. Webber. 

Iron and Steel Industry Committee IS/- : Dr. T. Swinden. 

Technical Committee IS/1, Co-ordination of Iron and Steel 
Specifications : Dr. T. Swinden. 

Technical Committee IS/6, Steel Castings : Dr. R. H. Greaves. 

Technical Committee IS/8, Creep Properties: Dr. W. H. 
Hatfield, F.R.S. 

Technical Committee IS/15, Iron and Steel for Shipbuilding : 
Sir Edward J. George. 

Technical Committee IS/17, Cast Iron Columns for Street 

Lighting: Mr. J. G. Pearce. 
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Technical Committee IS/35, Cast Iron: Mr. H. B. Toy. 
Technical Committee IS/35/3, Malleable Steel Castings : 
Mr. C. H. Kain. 
Technical Committee ME/22, Marking and Colouring of 
Foundrymen’s Patterns: Mr. F. W. Lewis. 
Technical Committee ME/23, Brinell Hardness Testing : 
Dr. W. H. Hatfield, F.R.S. 
Technical Committee ME/25, Testing of Thin Metal Sheet 
and Strip: Dr. T. Swinden. 
Technical Committee ME/32. Engineering Symbols and 
Abbreviations : Dr. T. Swinden. 
Public Works Industry Committee PW/-: Mr. James 
Henderson. 
Technical Committee PW/34, Portland Blast-Furnace 
Cement: Mr. F. W. Harbord, C.B.E. 
Solid Fuel Industry Committee, SF/-: Mr. A. F. Webber. 
Technical Committee SF/1, Nomenclature and Definitions : 
Mr. A. F. Webber. 
Technical Committee, SF/2 Underfed Screw Type Stokers : 
Mr. A. F. Webber. 
Technical Committee SF/4, Heating Stoves: Mr. A. F. 
Webber. 
Technical Committee on Metallic Finishes: Mr. F. C. 
Platt. 
Units and Technical Data Co-ordinating Committee: Sir 
Wm. Larke, K.B.E. 
Ciry AND GuILDs oF LoNDON INSTITUTE, 
Advisory Committee on Metallurgy: Mr. E. C. Greig. 
Examiner in Iron and Steel Manufacture: appointment 
open. 
CONSTANTINE CoLLeGe, Advisory Committee : Mr. E. W. Jackson. 
DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Grey 
and Malleable Cast Iron Research Committee: Professor 
T. Turner. 
EmprreE Councit oF MINING AND METALLURGICAL INSTITUTIONS : 
Mr. F. W. Harbord, C.B.E., Mr. K. Headlam-Morley. 
ENGINEERING PusBLic RELATIONS CoMMITTEER, Main Committee : 
Mr. James Henderson. Executive Committee: Mr. K. 
Headlam-Morley. 
Hone Kone University, Home Committee : Sir Robert Hadfield, 
Bt., F.R.S. 
IMPERIAL CoLLEGE oF ScrENCE AND TECHNOLOGY, Board of 
Governors: Mr. B. Talbot. 
ImperiaL Institute, Mineral Resources Department, Iron and 
Ferro-Alloy Metals Committee : Mr. K. Headlam-Morley. 
Institute oF Fuet, Council: Mr. F. W. Harbord, C.B.E. 
Institute orf WELDING, Lrp., Council and Representative of 
Patron Institution: Mr. K. Headlam-Morley. 
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INSTITUTION OF MECHANICAL ENGINEERS, Research Committee 
on High-Duty Cast Irons for General Engineering Purposes : 
Mr. K. Headlam-Morley. 

Inon AND STEEL INDusTRIAL RESEARCH Counc: Mr. F. W. 
Harbord, C.B.E., Dr. W. H. Hatfield, F.R.S., Mr. K. Head- 
lam-Morley. 

Jornt COMMITTEE ON MATERIALS AND THEIR TESTING: Mr. 
K. Headlam-Morley. 

LivERPOooL UNIverRsIty, Court of Governors: Sir W. Peter 
Rylands, Bt. 

Luoyp’s Re@isteR OF SHIPPING, Technical Committee: Mr. 
James Henderson, Mr. P. Baxter. 

MECHANISATION BoarpD (Army Council): Mr. F. W. Harbord, 
C.B.E. 

METALLIFEROUS MINING AND QUARRYING INDUSTRIES, Advisory 
Committee : appointment open. 

MrnistRY OF AGRICULTURE AND FiIsHERIES, Permanent Com- 
mittee on Basic Slag: Mr. James Henderson, Mr. B. Talbot. 

Nationa PuysicaL LABORATORY, 

General Board: Dr. A. McCance, Dr. T. Swinden. 

RaMsEY Memoriat Laporatory, Advisory Committee: Mr. 
F. W. Harbord, C.B.E. 

Roya ScHoou oF Mings, Advisory Board: Mr. F. W. Harbord, 
C.B.E. 

Roya Society, General Board for Administering Government 
Grants for Scientific Investigations : The President. 

ScHoot or Meratiirerous Mryinc (Cornwatu), Board of 
Governors : appointment open. 

—e ee Advisory Council: Sir Harold Carpenter, 

RS. 
SHEFFIELD UNtIversiry, Court of Governors: Sir Robert 
Hadfield, Bt., F.R.S. 














STATEMENT OF ACCOUNTS 
for 1938. 


1939—i F 








THE IRON AND 


BALANCE SHEET, 














LIABILITIES. 


£ 8. d. £ 8 d. 
Sundry Creditors :— 
Office Rent, etc., 4, oe ee 834 15 7 
Telephone Calls hee 1616 0 
Telegrams .. hee ~~ oes 6 3 5 
Printing and Stationery an as see 81 511 
Corrosion Committee 3 is 38 0 9 
Alloy Steels Research Committee ” 95 10 6 
Heterogeneity of Steel Ingots Committee .. 2612 2 
Steel Castings Research —— nas 348 19 4 
Rolling Mill Committee... bee 9 5 6 
Library Sales see ca oe nats 113 7 
Autumn Meeting... cee ane cae 918 3 
Library Books re 2 ii 
a on Steelmaking ‘1938. ios 2718 9 
Sun 215 6 
Cleaning, Hea iting, Lighting “and Water « 68 5 3 
Journal Publishing, etc. ... - BOTT ii ii 
No. 4, Grosvenor Gardens sos 20e0 1B 7 
3,463 1 1 
Subscriptions in Advance :— 
ome Members i vee bab ae 21 56 8 
Overseas Members ... _ ane ee 62 3 3 
Associate Members ... ote Sua San 313 6 
87 2 0 
Entrance Fees in Advance 313 6 
Journal Sales :— 
Amount in Advance, 1939 36 9 4 
Received on Account of Volume 3 No. IL, 
ane Sis ° S 2 al 
38115 3 
Ablett Prize :— 
Donation received . 50 0 0 
Suspense Account as at Ist January, "1938: — 
Reserve for 10-year Index .. 150 0 0 
Add Further Transfer, 1938" 60 0 0 
—_—_— 200 0 0 
Entrance Fees 1,211 7 0 
Add Further Transfer, 1938 423 3 
1,634 10 0 
—————— 1988410 0 
gr ye monet Fund ete -. 98,14613 5 
Add Compounded during Year eae 118 1 3 
—————-_ 3, 259 14 8 
Bank Overdraft 9,710 7 3 
Iron and Steel Institute :— 
Capital as per last Balance Sheet eo 28,878 12 4 
Reserve Account— 
Accumulated Excess of 
Income over Expendi- 
ture... 3,825 10 7 
Add Excess of Income over 
Expenditure for the 
Year to date ... im ae 2: 8 
3,929 12 10 
Deduct Expenditure on 
re wg Meeting in 
U.S.A., 1938 ... -. 98315 8 
————-_._ 2, 945 17 2 
———— 26,819 9 6 


£45,609 13 3 





1 have examined the above Balance Sheet 
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ASSETS. 
8. d. £ 8. d. 
Sundry Debtors :— 
Subscriptions in Arrear... Not Valued. 
Amount due from Carnegie Se holarship 
Fund 128 15 3 
ae Deposit .. igh oe a 100 
A.T.M. Loan Account :.. ewe aon 1219 9 
sencal Publishing ase we eae 42 311 
Journal Printing—Heviews pom a 816 0 
Advance Copies sas ‘ ate ese 21211 6 
Corrosion Committee Dh? Maes 
Corrosion Committee—Birmingham Office 59 16 7 
Alloy Steels Research Committee.. ae 245 10 6 
Heterogeneity of Steel — ommittec .. 7 310 
Appeal Fund ee ee 110 10 O 
Williams Prize Fund me ase an 18 7 
Income Tax Recoverable ... -eR ie 67 10 3 
Sundries ie ose oe 2410 1 
Rents Receivable etc. one ses ash 28115 0 
———-_ 1,212 12 10 
Payments in Advance :— 
Journal Sales ene uk ne — 290 16 4 
Insurance . eee see as én s 2s 
Library Books ane ane 1613 7 
Staff Superannuation. Fund sie vay 22719 3 
Sundries ‘es 3 3 8 
Water Rate—4, Grosvenor Gardens at 10 510 . 
_ 551 5 
Stock of Journals - aan iad Not Valued. 
Office Furniture and Library Peer eae Not Valued. 
Ablett Prize :— 
Cash at Bank owe 50 0 0 
Investments at Cost per Schedule :— 
General Fund 24,896 5 4 
(The Market Value of these Investments 
at 3lst December, 1938, was £26,137 
17s. 4d.) 
Cash at Bank and in Hand :— 
Secretary’s Account ee ont 13 3 1 
Deposit Post Office Account ins 10417 1 
Deposit Banque de Plovdiv, » Bulgaria mn 56 5 O 
Cash at Office ne ‘as 24 6 1 
———— 147 11 0 
Symposium on Steelmaking 1938 :— 
Expenditure Incurred to —_ aes cose Shae 18 8 
Less Sales... eee pee 109 5 8 
————-_ 1,006 18 0 
Research Committees :— 
Grants due ... 3,250 0 0 
Deduct Amount unexpended during Year 882 12 7 
2,867 7 5 
Less Contributions collected :— 
Corrosion Committee ... 300 0 0 
Alloy Steels Research 
Committee ous eos 1,265 15 0 
———_——__ 1,565 15 
801 12 5 
Life Composition Fund :— 
*Investments at Cost -s er -- 98,217 14 8 
Cash at Bank ‘on ad 42 0 0 
—————_ 8, 259 14 8 


(* The Market Value of these Invest- 
ments at 31st December, 1938, was 
£3,114 14s. 1d.) 
4, Grosvenor Gardens, 
Structural Alterations and Decorations, 
Furnishing, Legal ae _ Inci- 
dental Expenses ... - 13,683 18 6 


£45,009 13_3 





of the Institute and certify it to be correct. 


(Signed) W. B. KRE 
” Chartered Accountant, 





INCOME AND EXPENDITURE ACCOUNT 








INCOME. 
a ee 5 £ 8s. @, & 8s. d. 
To Entrance Fees ‘ oo wa 40 0 
Do, Companies’ Nomi- 
nations mm apt & @ 
a 423 3 0 
» Less Transferred to Reserve Account ... 423 3 0 
»» Annual Subscriptions :— 
Members, Home—Current _... .. 4,335 38 9 
Do. Companies’ 
Nominations 148 1 0 
Do. Arrears ... 12110 9 
—————-_ 4,604 15 6 
Members, Overseas—Current . 1,745 1 3 
Do. Companies’ 
Nominations 6512 6 
Do. Arrears ... 106 2 6 
————-. 1,916 16 3 
Associates—Current.. ‘ae 179 17 3 
Do. Companies” " Nomi- 
nations... ee ae 
187 4 3 
»» Sales of Publications :— 
Journals, etc. ... oes eae . is Ss 3 
Bulletin ... i's aes eae uae 39 0 0 
1,682 6 3 
», Interest on Investments gaa —_ 
General Fund one -- 1,058 12 8 
Life Composition’ Fund ase oe 120 8 3 
Bessemer Medal Fund ... ost AE 16 0 0 
————_ «11,195 011 
» Interest on Deposit Account... ime 17 2 4 
», Sundry Receipts ; 6 3 6 
‘ ee Recovered to 31st December, 
General Fund ... cme ee 48 9 8 
Life Composition Fund ae ree 1011 8 
Bessemer Medal Fund ... as ane 20 0 
oe 61 1 4 
» Institute of Metals :— 
Rent Receivable in re 875 0 0 
Contribution to Joint Library one 175 0 0 
550 0 0 
» Iron and _ Steel Industrial Research 
Council :— 4 
Grant for Bulletin ne eee eee 750 
Grant for Secretarial Services -- 2,000 0 O 
Grant for Information Service 500 
3,250 0 0 
», Carnegie Research Fund :— 
Transfer in respect of Grants ... oss 150 0 0 
»» Welding Symposium, May, 1935 :— 
Income from Sales 917 11 
» Balance being Bxcess of Expenditure over 
Income carried down ... ‘es 2,326 13 3 
£15,807 0 6 
To Special Subscriptions :-— 
Contributions receivable during 1938 2,853 0 0 


£2,853 0 0 








FOR THE YEAR ENDED 3lst DECEMBER, 1938, 








EXPENDITURE. 
8s. d. £ ae 
By Salaries (including seme anes Over- 
e) 6,054 5 O 
» National Insurance. ‘a “ze 46 19 11 
» Staff Superannuation Fund 1 ans 285 3 5 
» Office Rent :— 
28, Victoria Street eae aL eee 324 0 0 
4, Grosvenor Gardens ... a en 600 0 0 
——_ 924 0 0 
» Cleaning, Heating, Lighting and Water :— 
28, Victoria Street pam ooo ae 180 18 11 
4, Grosvenor Gardens ... ees _ 269 10 9 
———-—— 450 9 8 
» Library Books, Binding, - nee eee 195 6 5 
» Office Furniture ... aoe ‘ak 9115 O 
», Annual Meeting ... ‘sa aes ose 149 010 
» Autumn Meeting ... 35 ste as 131 911 
» Publishing Expenses— 
Journal— 
Printing and Paper ... oes a Se ae 
Translations and Reviews ... wee 36 3 6 
Postage eee oun 16419 5 
Advanse Copies Printing sve we 190 11 O 
Postage Pe aaa 756 3 8 
Bulletin—Printing ae ma ais 726 2 9 
‘ostage on ‘is oes 102 811 
Bibliographies ... ie “ re 138 14 6 
List of Members ae aes web 15111 0 
3,149 3 11 
»» Stationery and Printing . 675 14 7 
Ps ean and Receipt Stamps oi 247 6 O 
» Travelling and Entertainment Expenses 196 12 4 
» Insurance ... Re é 911 8 
», Auditors Fees for Year, 1937... ni 3110 0 
» Telephone Rental and Calls ul 108 19 2 
» Office Disbursements _ seared Ex- 
penses.... 215 1 6 
» Translations Service ma wae ses 165 3 6 
» Bank Interest and Charges 9411 0 
» Expenses of Removal to 4, Grosvenor 
Gardens . eee ie 92 4 0 
»» Bessemer Medal °:: ise én an 2612 0 
» Grants :— 
Joint a on Materials and 
their Tes 1010 0 
Joint seat inatibuiion of Auto- 
mobile Engineers... 5 00 
British Refractories Research Asso- 
ciation 25 0 0 
Institution of Mechanical Engineers .. 25 0 0 
British Electrical and Allied In- 
dustries Research Association asa 50 0 0 
British Standards Institution eae 50 0 0 
Engineering Public Relations Fund ... 2010 8 
International oe _— ee 


jlasgow nah 30 
— 216 0 8 


» iron and Steel Industrial Research 


Council Gran 2,500 0 0 


£15,807 0 6 
2,326 13 3 


By Balance brought down in aie 
» Transfer Reserve _——* — 
10 Years Index.. e eee wee 50 0 0 
Entrance Fees ... wis 151 4 0 
» Transfer Subscription Account :— 
Home Members eee see ste 148 0 
Overseas Members eos ose aoe 65 12 6 
Associates ove bas eee see 7D 
ee 221 0 6 
», Balance, being excess of Income over 
sn 104 2 3 


Expenditure for the Year sss 
£2,853 0 0 
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THE INFLUENCE OF CARBONISING CON- 
DITIONS ON COKE PROPERTIES. 


PART II.—THE EFFECT OF PRESSURE, 
TEMPERATURE, RATE OF HEATING AND 
‘* SOAKING ” ON COKE STRENGTH.? 


By H. E. BLAYDEN, W. NOBLE anp Prorsssor H. L. RILEY 
(NEWCASTLE-UPON-TYNE). 


(Fig. 10 = Plate L.) 


SUMMARY. 


A quantitative study of the effect of the carbonising conditions 
upon the properties of coke has been made by methods similar to 
those described in Part I. of this research. The results obtained 
indicate that relatively small pressures up to approximately 40 lb. 
per sq. in. applied during carbonisation bring about great increases 
in the strengths of cokes prepared from weakly coking coals. 
Further increases in pressure up to 500 Ib. per sq. in. have little 
or no effect upon the coke strength. The development of coke 
strength during carbonisation has been found to occur in two dis- 
tinct temperature ranges. In the first, 400-550° C., which coincides 
with the plastic range, the coke strength is greatly affected by the 
pressure applied during carbonisation. The second temperature 
range is from 650° C. upwards, when the strength developed depends 
only on the maximum temperature reached during carbonisation 
and is independent of the pressure (up to 500 lb. per sq. in.) applied 
during carbonisation. Variations in the rate of carbonisation and 
time of soaking, bring about only small differences in strength. The 
significance of these results is discussed. 


Introduction. 


THE index obtained in tests such as the shatter and trommel tests 
is largely influenced by the incipient fissuring in the lumps of coke 
under examination and therefore probably bears little relation to 
the intrinsic strength of the coke. If, however, instead of lump 
coke, a finely divided coke (sized between 14 and 25 B.S.I. sieves), 
which will be more or less free from fissures, is employed in a strength 
test, the index obtained will be determined largely by the strength 
of the coke substance itself. The results obtained in Part I. of this 
series of papers ? bears out this contention, for the indices obtained 
with the micro-strength apparatus described showed a remarkably 
close correlation with many other characteristics of the cokes 
examined. Although from a practical standpoint the “ strength ” 


1 Received December 13, 1938. 
2 Journal of the Iron and Steel Institute, 1937, No. II., p. 47P. 
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of coke as determined by the shatter or the trommel test has more 
significance than the micro-strength index, the results of the present 
study, besides throwing considerable light upon the mechanism of 
carbonisation, demonstrate conclusively the necessity in any funda- 
mental study of distinguishing between intrinsic strength and the 
susceptibility of lump coke to breakage. 

It is generally agreed that the formation of a strong coke is in- 
timately connected with the softening of the coal which occurs 
during carbonisation between 350° and 550°C. The results described 
in Part I. and in the present paper were obtained using poorly coking 
coals. The reason for this choice of starting material was twofold : 
(1) The experimental method employed was not readily adaptable 
to highly swelling coals, and (2) by the reduction or elimination of 
those factors inherently present in a strongly coking coal and 
attempting to imitate their effect with a poorly coking coal by 
physical and chemical means it was hoped to learn something of the 
fundamental mechanism involved in the production of strong coke. 


Experimental. 


Two Northumberland poorly-coking coals, C57 and C518, a 
freshly mined Northumberland coal, C547, of the same origin as 
C518, and two South Wales coals, C526 and C528, were employed. 
C57 and C518 were used in the previous experiments. C526, but 
not C528, exhibited an appreciable tendency to swell during car- 
bonisation. A South Wales anthracite, C527, was used for certain 
supplementary experiments. The ultimate and proximate analyses 
of these coals are given in Table I. 


TaBLE I.—Ultimate and Proximate Analyses of the Coals. 
C57 Northumberland “ non-coking’”’ coal. 














C518 9 rT) ” 
C526 South Wales steam coal. 
C527 > anthracite. 
C528 ‘> low volatile coking coal. 
Ultimate Analyses, Ash-free Dry Basis. Proximate Analyses. 
— é Volatile | Volatile 
™ 0. H. N. ak eS Be eee 
vo: %: %: %e he: %, oe Moisture, |Dry Basis. 
%: % 
C57 81-47 | 5-25 | 1-79 | 1-94 | 9-55 5-9 4:5 35:5 39-6 
C518 | 82-80} 5:35 | 2-05 | 0-77 | 6-03 8-3 1-6 33-1 36:3 
C526 | 89-43 | 4:81 1:39 | 0-54 | 3-83 0-9 2-6 22:9 23-7 
C527 | 93:53 | 2:98 | 1:07 | 0-65 | 1-77 1:3 1-0 5:4 5:5 
C528 | 91-11] 4:28 | 1-18 | 0-71 | 2°72 0-6 4:8 17-0 18-0 
C547 | 82-6 5:28 | 1-97 eas aes 8-75 | 4-7 33-1 36-6 
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The coals were stored as }-in. size bulk samples to minimise 
oxidation. Samples for carbonisation were extracted by reduction 
of the bulk sample. 


Preparation of Coke. 


The carbonisation furnace described in Part I. was modified for 
the present investigations. Porous insulating bricks were used as 
lagging, and these could be removed when it was necessary to cool 
the iron carbonising vessel rapidly. The furnace heater was made 
by embedding Kanthal wire spirals in alundum cement in channels 
cut in the upper face of a heat-insulating brick. This unit could be 
rapidly replaced when necessary. The furnace, details of which are 


Mounting of Thermocouple 
Sheath. 


Nitrogen 


Coa! 






/ron dise with 
‘ countersunk 
aie central hole. 





| ee 
Mild- Steel Retort 


4in. high, 4in. dia. 
























































Li {Let 
Heater™ a 850-watt heater 
NW poxrecmess ta 8 Spirals. (60m) of 24 S.W.G. 
[ ] Kanthal wire in channels in 
brick Zin. x €4 in. 





Fic. 1.—The Carbonising Furnace. 


shown in Fig. 1, was simple and relatively inexpensive to make. It 
permitted improved control of the rate of heating with economy in 
current consumption. 

Samples (100 g.) of the crushed and graded coal were carbonised 
in an atmosphere of nitrogen, as a layer approximately 3 in. thick 
and 4 in. in dia., contained in the iron retort. A double-lever 
system with a mechanical advantage of 100:1 permitted the 
— of pressures of up to 500 lb. per sq. in. to the layer of 
coal. 


I nfluence of High Pressures. 


In this series of experiments the coals were carbonised under 
various pressures of up to 480 Ib. per sq. in., the temperature being 
raised in each experiment at 5° per min. up to 250° C., at 2° per min. 
up to 650° C. and finally at 5° per min. up to the maximum tempera- 
ture of 900° C. The results obtained in a detailed examination of 
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the resultant cokes, carried out by the methods described in Part I., 
are given in Tables II. to V. and in Figs. 2 to 5. With the South 
Wales coal C526 some difficulty was experienced in preventing 
extrusion of the plastic material between the walls of the carbon- 
ising vessel and the piston. It was possible, however, to carry out 
a sufficient number of tests to enable the influence of pressure to be 
assessed. 


TaBLeE II.—Influence of Pressure. Laboratory Examination of 
Cokes. 


Northumberland “ non-coking ” coal C57. Size, less than 60 I.M.M. 





Applied Pressure. Lb. per sq. in. 








0-2. | 0-4 | 3-1. 7-2. | 10-0 15-0. 20-4. | 40. | 120. | 480. 
Ash. % . ° 6-1 6-1 6-1 73 6-2 6-2 71 6-9 6-0 7-4 
Moisture. % . 1:3 2-9 4-1 4:1 2-1 2-2 2-5 3-4 40 4-75 


Volatile matter 
less moisture. 
% . ° 3-3 3-5 3-7 3-9 2-9 2-5 2-4 3-3 3-05 | 2-7 

Wet oxidation 
































rate. Mg. CO, 
per 2} hr. . | 156 125 125 122 | 153 152 142 115 78 90 
Apparent specific 
gravity . ‘ 0-88 0-84 1-08 1-23} 1:32 1-32 1-385} 1-32 | 1-18] 1-30 
Real specific 
ity . . 1-842} 1-853} 1-865) 1-89} 1-880} 1-889) 1-882} 1-891) 1-831) 1-865 
Apparent poros- 
ity. % - | 61 55 41 32 26 29 24 26 31 27 
Total porosity. 
% ° | 55 42 35 30 30 26 31 36 30 
Specific conduc- 
tivity. Mhos 
(at 150 atm.) . 4-0 ove 41 3-9 6-0 6-8 4:8 
Specific conduc- : 
tivity. Mhos 
(at 1000 atm.) oes a eos oes 17-6 23-8 16-4 19:3 [10-7 | 14-5 
N.C.R.C. micro- 
strength index. 
On 25 B.S.S. 
% ° ° 0 0 0-5 3-5 75 8-5 13-0 75 55 4 
On 72 B.S.S. 
9 . 0 1:0 9-5 32-0 | 49-0 52-0 59-0 50-5 | 47 i” 











Photographs were taken of the resultant coke in the carbonising 
vessel and also of the cross-sections of the pieces of coke formed. 
These gave a record of the extent of fracturing which had occurred 
during carbonisation. The samples of coke produced, after crushing, 
were passed over an electro-magnet to remove a small amount of 
magnetic iron oxide derived from the iron carbonising vessel. 

In the previous paper (Joc. cit.) the electrical conductivities of 
the cokes 1 were measured with the sample under a pressure of 
150 atm. It is possible that the variations observed may have 
been largely determined by variations in the porosity of the samples 
rather than by differences in the nature of the coke carbon. In the 


1 The electrical conductivities reported in Part I. should be divided by 10. 
The conclusions derived from the results were not affected by this error. 
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present investigation the pressure was increased to 1000 atm. in 
order to reduce the effect of the porosity of the samples. Fig. 6 
shows the results obtained in a preliminary study of the effect of 
pressure upon the electrical conductivity of coke and Ceylon graphite. 

In the case of the coal C57, which showed only very feeble coking 
properties, it can be seen from the results given in Table II. and Fig. 
2 that it is only the lower pressures which bring about the marked 
increase in the strength of the coke. Pressures greater than 20 lb. 
per sq. in. have a tendency to cause a weakening of the coke, prob- 
ably brought about by the entrapping of gaseous products during 
carbonisation and a consequent increase in the porosity. The 
porosity and specific gravity results support this view. The results 


TaBLE V.—Influence of Pressure. Laboratory Examination of 
Cokes. 


South Wales steam coal C526. Size, 60-100 I.M.M. 











Applied Pressure. Lb. per sq. in. 
0-8. 10. 20. 40. 180. 300. | Extruded 
Material.* 
Ash. % . ° ° 5-5 4:8 5-3 4-0 4-9 4-6 4:9 
Moisture. % . Ps ° 1:3 2-35 15 1:3 1-4 17 3-5 
Volatile matter less mois- 

—_— %  . : ° 2-9 2-7 1-9 0-8 1-4 15 4-8 
Wet oxidation rate. Mg. 

CO, per 2$hr. . - | 143 120 137 141 162 158 138 
Apparent specific gravity . 0-71 1-00 0-72 0-74 0-99 1-02 0-56 
Real specific gravity . | 1-831] 1-796] 1-852] 1-842] 1-878] 1-848 1-844 
Apparent porosity. % .| 58 40 60 58 42 41 69 
Total porosity. % . «| 61 46 61 60 47 45 70 
Specific conductivity. Mhos 

(at 1000 atm.) ‘ - | 23-1 16-5 35-1 39-8 54-5 38-5 13-6 
N.O.R.0.  micro-strength 

index. 
On 25B.S.8. % . ‘ 0-5 15 1 0-5 10 6 0-5 
On 72 B.S.8. % . - | 205 28 30-5 29-8 50 43:5 20-5 
































* Material extruded between piston and vessel walls at 300 lb. per sq. in. 


obtained for coals C518 and C528 are similar. Those obtained with 
coal C526 differ somewhat. This is probably due to the fact that 
this coal swelled much more than the others and the internal pres- 
sures developed naturally in the semi-plastic material during 
carbonisation partially masked the specific effect of the externally 
applied pressure. The lower micro-strength indices obtained with 
this coke are probably connected with the relatively higher porosi- 
ties. These results illustrate the advantages gained in this in- 
vestigation by using coals having little tendency to swell during 
carbonisation. 

The variation in the ash contents of the cokes was large in 
certain cases and was probably due to the presence of magnetic 
oxide and to sampling difficulties. 
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The electrical conductivities and wet oxidation rates of the 
cokes in each series tended to follow parallel trends, although 
neither property showed any close connection with the strength of 
the coke. Certain irregularities in these properties were probably 
due in part to slight under-carbonisation (cf. the corresponding 
volatile matter contents). 
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Fia. 2.—Influence of Pressure. Northumberland Coal C57. 
Influence of Carbonisation Temperature. 
In each series of experiments the coals C518, C528 and C527 were 
carbonised under a constant applied pressure up to various temper- 


atures between 400° and 900° C. 

cool in the stream of nitrogen. 

using different fixed pressures. 
1939—i 


The resulting coke was allowed to 

The experiments were repeated, 

The cokes formed were photo- 
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Fic. 4.—Influence of Pressure. Coal C526. 
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Fia. 5.—Influence of Pressure. Coal C528. 
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Fic. 6.—Influence of Pressure on Conductivity. Graphite and Coke, 











Tas_E VI.—Influence of Temperature. 
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Cokes. 
Northumberland “ non-coking ” coal C518. Size, 60-100 I.M.M, Applied pressure, 0-8 Ib. per sq. in. 
Carbonisation Temperature (Final). ° O. 
400. 450. 500. 600. 700. 800. 900. 950. 
Proximate analysis. 

Ash. % 2-0 2-1 2-2 2-3 2-4 2-3 2-5 2-4 

Moisture. of, 1:8 2-3 2-6 2-4 2-9 3-7 2-6 2-9 

hig matter less mois- 

tur 26-2 25-5 18-7 16-3 6-5 3-8 2-8 2-4 
U itimate eS. OM (ash- -free 
dry basis). 

Carbon. % ° 83-5 84-9 86-2 90-3 91-9 93-7 94-6 95-3 

Hydrogen. % . .| 450] 3861] 3-18 2-59 1:89 | 118 | 0:74 | 0-71 

Nitrogen. % . ° 1-98 2-16 2-12 2-25 2-00 1-67 1-65 1-56 

Sulphur. % ° 0-71 0-63 0-67 0-58 0-52 | 0-55 0-55 0-57 
Wet po rate. Mg. 

CO, per 24 hr. . 163 147 111 67 57 60 79 91 
Apparent specific _— e 0-77 0-84 0-76 0-875 0-81 0-95 1-00 1-03 
Real specific gravity Py 338) 1-398) 1-404 1-472 1-600; 1-725 | 1-804] 1-823 
Apparent porosity. % . 37 45 40 48 45 43 42 
Total porosity. % “3 40 46 41 49 45 45 43 
Specific conductivity. Mhos 

(at 1000 atm.) ° ° 0 0 0-55 |<10°* =|<10°¢ 3-0 16-0 23-3 

x10 
N.O.R.0. micro-strength 
index. 
On 25B.S.8. %. ° 0 0 0 0 0 0 0-5 0-5 
On 72 B.S.8. % . . 0 2-5 2-5 5-0 2-0 55 15-0 13-5 
































Laboratory Examination of 








TaBLE VII.—Influence of Temperature. 


Northumberland “ non-coking ” coal C518. 


Cokes. 


Laboratory Examination of 


Size, 60-100 I.M.M. Applied pressure, 7 lb. per sq. in. 





Carbonisation Temperature (Final). ° CO. 






































400. 450. 500. 550. 600. 650. 700. 800. 900. 
Proximate —: 

Ash. % 1-9 1-95 2-2 2-3 23 2-4 2-4 2-6 2-9 

Moisture. of, 17 2:3 8-1 3-2 3-6 4:3 3-4 3-5 4-7 

Volatile matter less 

moisture. % .| 26-0 23:7 21-9 | 21-6 15-5 12-8 8-0 3-3 2-9 
Ultimate analysis 
(ash-free dry — 

Carbon. % 83-30 | 85-90 | 87-50 | 89-50 | 90-10 | 90-8 92-0 94:14 | 95-10 

Hydrogen. % 4:16 3-83 2-79 | 2-60 2-59 2-55. 2-02 1-16 1-04 

Nitrogen. % ° 1-82 2-22 2-26 2-02 2-16 2-24 2-08 1-67 1-50 

Sulphur. % ° 0-60 0-60 0-59 | 0-59 0-56 0-57 0-55 0-56 0-62 
Wet oxidation rate. 

Mg. CO, per 24 hr. | 163 150 115 84 70 71 60 65 76 
Apparent specific 

gravity ° Ps 0-96 1-03 0-99 | 0-99 1-02 1-03 1-06 1-16 1-19 
Real specific gravity. 1-343} 1-389) 1-420) 1-442| 1-483] 1-519] 1-567] 1-767] 1-800 
Apparent porosity. 

% ° ° - | 28 24 28 28 29 30 32 32 30 
Total porosity. % .| 28 26 30 31 31 32 32 34 34 
Specific conductivity. 

Mhos (at 1000 atm.) 0 0-02 0-055 0-362 0-008 | 55 22°5 

x107 | x107 x 10°¢ 
N.C.R.O. micro- 
strength index. 
On25 BSS. %.| 0 0 05 | 1 1 05 15 15 40 
On 72 BS8.8. %. 0-5 75 22-5 | 22 22 23-5 29-5 36 43 
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Laboratory Examination of 


TaBLe VIIT.—Influence of Temperature. 
Cokes. 


Northumberland “ non-coking ” coal (518. Size, 60-100 I.M.M. Applied pressure, 480 Ib. per sq.in. 











Carbonisation Temperature (Final), ° 0. 
| | 
400. | 600. 550. | 600. | 650. | 700 | 800 900. 

Ash. % 2-6 2-3 2-9 2-7 25 | 2-4 2-65 2-8 
Moisture. % . 1-6 2-9 2:3 3-7 45 | 42 3:7 2-8 
Volatile matter less mois- | 

ture. % 27-4 16-2 15:7 11-85 | 10-05 9-1 4-2 2-1 
Wet oxidation rate. Mg. | 

CO, per 2} hr. 144 110 96 69 56 55 56 77 
Apparent specific grav ity ; 1-07 0-95 1-06 0-99 1-02 | 1-01 1-15 1-14 
Real specific gravity e 1-333 1-408 | 1-485] 1-471 1-533 | 1-516 | 1-689} 1-835 
Apparent porosity. % 18 27 23 26 31 | 29 28 33 
Total porosity. °%, 19 33 26 33 33 | 36 32 38 
Specific conductivity. Mhos 

(at 1000 atm.) . . 0 0 0 0 0 0-003 | 0-45 | 24-0 
N.C.R.C. micro-strength 

index. 
On 25B.8.8. % . 0 0 1 15 15 2 15 5-5 
On 72 B88. %. 15 13 29 26-5 30 30-5 37 47-5 
































graphed and subjected to the physical and chemical tests described 
above. The results are given in Tables VI. to XI. and in Figs. 7 
and 8. It is obvious from these results that mechanical strength i is 
developed in the coke during carbonisation in two distinct tempera- 
ture ranges, viz., 400-600° C. and from 650° C. upwards. In the 
400-600° C. range the strength of the coke is greatly influenced by 
the magnitude of the pressure applied during carbonisation. In the 
temperature range from 650° C. upwards, the increase in coke strength 


TaBLE [X.—Influence of Temperature. Laboratory Examination of 


Cokes. 
Applied pressure, 0-8 Ib. per sq. in. 


South Wales low-volatile coking coal C528. Size, 60-100 I.M.M. 















































Carbonisation Temperature (Final). ° 0. 
= 
400. | 450. | 500. | 550 | 600. | 650. | 700. | 800. iz 900. 

Ash, % . 5:3 48 | 49 | 51 | 5-0 5-2 5-2 5-4 5-7 
Moisture. % . 0-6 0-7 0-9 1:2 1:8 2-6 3-4 3-7 1-55 
Volatile matter less 

moisture. % 15-6 | 13-8 10-6 9-8 8-7 77 57 =| 3-55 1-6 
Wet oxidation rate. | 

Mg, CO, per 24 hr. . | 203 | 196 189 138 108 85 98 107 152 
Apparent specific grav- 

ity ° ° 7 ee 0-88 0-82 0-82 0-87 | 0-88 0-99 1-04 1-09 
Real specific gravity . : 1-390} 1-400} 1-421) 1-452) 1-519] 1-574 | 1-702) 1-839 
Apparent porosity. % 36 40 41 3 40 36 39 40 
Total porosity. % . 37 41 42 40 42 37 39 41 
Specific conductivity. 

Mhos (at 1000 atm.) te 0-0014) 0-89 | 23-1 
N.O.R.C. micro- 

strength index. 
On25B.S.8. % . 0 0 0 0 0 0 0 0 0-5 
On72B8.8. % . 0 1 0-5 2 2 2 45 5-5 18-5 














86 P BLAYDEN, NOBLE AND RILEY: INFLUENCE OF 


TaBLE X.—Influence of Temperature. Laboratory Examination of 


Cokes. 


South Wales low-volatile coking coal C528. Size, 60-100I.M.M. Applied pressure, 480 Ib. per sq. in. 





Carbonisation Temperature (Final). ° 0. 





400. 450. 500. 550. 610. 650. 730. 800. 900. 





Ash. % . ° 6-4 5-5 57 5-4 56 5-7 5:7 59 5-9 
Moisture. % . . 0-8 0-65 0-7 1-2 2-3 2-0 3-3 3-7 1:8 
Volatile matter less 

moisture. % - | 15-4 14:3 9-8 11-2 7°25 5-8 3-8 3-6 1:7 


Wet oxidation rate. 
Mg. OO, per 2$ hr. | 299 308 291 188 109 114 114 119 158 
Apparent specific 



































gravity > ; 1-16 1-12 1:00 0-98 1-01 1-00 1:10 1-11 1-21 
Real specific gravity . 1-393} 1-373} 1-421) 1-439) 1-541) 1-521) 1-695) 1-716] 1-820 
Apparent porosity. % | 16 18 27 25 31 27 31 33 25 
Total porosity. % .| 17 19 29 31 34 34 35 35 33 
Specific conductivity. 

Mhos (at 1000 atm.) ae =e one ooo oes ose 0-4 1-0 21-0 
N.C.R.C. micro- 

strength index. 
On 25 B.S.8. %. ove o00 0 1 3 2-0 3-5 4:5 13-5 
On 72 BS.8. %. eoe ove 6 29 37 31-5 | 41-5 44:5 57 





TaBLE XI.—Influence of Temperature. Laboratory Examination of 











Cokes. 
Welsh anthracite C527. Size, 4-.4, in. Applied pressure, 0-8 Ib. per sq. in. 
Carbonisation Temperature (Final). ° O. 
Coal. 
400. 500. 600. 700. 800. 900. 
Ash. % . ; 1-0 0-8 1-0 1-2 1:0 1-1 1-1 
Moisture. % . ° ° 1:3 1-9 2-0 17 23 2-5 2-2 
Volatile matter less moisture. 
% . ° ° é s 5-4 5:8 55 4:8 4:2 2-7 15 
Wet oxidation rate. Mg. OO, 
23 hr. ° . 85 90 85 70 49 49 50 
Real specific gravity . . 1-470 1-473 1-476 1-493 1-527 1-643 1-802 
Specific conductivity. Mhos 
(at 1000 atm.) . ° . ove ove ove ose 0-0002} 0-164 | 10-5 
N.O.R.C. micro-strength 
index. 
On25BS.8. % . ° 8 5 6-5 11 9 15 16 
On72B8.8. % . - | 526 50 52-5 54-5 53 59 61-5 
































is independent of the pressure applied during carbonisation within 
the limits studied (0-8 to 480 lb. per sq. in.), being determined 
apparently solely by the maximum temperature reached during 
carbonisation. The coals were carbonised at 2° per min. up to 
650° C. and thereafter at 5° per min. A further series of experiments 
on coal 0547 using a uniform carbonising rate (5° per min.) through- 
out gave similar results (Fig. 9), indicating that the increase in 
strength in two distinct ranges of temperature was not in any way 
connected with the change in the rate of carbonisation at 650° C. in 
the earlier experiments. 
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Influence of Rate of Heating and Soaking. 


The rate of heating during carbonisation on the technical scale, 
especially with poorly coking coals, is well known to have a marked 
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Fic. 7.—Influence of Temperature. Coal C518. 


influence upon the properties of the resultant cokes. An attempt 
was therefore made to assess the influence of the carbonising rate 
and soaking upon the properties of the cokes prepared by the method 
described above. The influence of the rate of heating was deter- 
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mined separately for the primary (up to 650° C.) and secondary 
(650-900° C.) carbonisation ranges in separate experiments. 


Anthracite C527. 
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Fic. 8.—Influence of Temperature. 





following rates of heating were employed : 
(a) A fixed'rate of 5° per min. to 300° C. and thereafter 5°, 
2° or 1° per min. up to 650° C. 
(6) A fixed rate of 5° per min. to 650° C. and thereafter 5°. 
2° or 1° per min. up to 900° C. 


800 1600 


400 600 600 /000 
Carbonisation Temp.°C. 


Coal C528 and anthracite C527. 
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The coals employed were graded between 60 and 100 I.M.M. 
sieves and carbonised under a constant external pressure of 30 lb. 
per sq.in. The times of soaking at the final carbonisation tempera- 
ture were varied up to 4 hr. The results of the detailed physical 
and chemical examination of the cokes are not given, because the 
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Fia. 9.—Influence of Carbonising Temperature on Micro-Strength Index. 
Coal C547 heated at 5° C. per min.; pressure, 30 lb. per sq. in. 


changes in their properties, brought about by variation of.the car- 
bonising rate and the time of soaking, were all relatively small— 
too small and indeterminate, in fact, to permit any general conclu- 
sions to be drawn from them, apart from the important fact that 
these variations caused only very small changes in the coke properties. 


Discussion. 


The results obtained in the above experiments are as follows : 


(1) Relatively small pressures (about 40 Ib. per sq. in.) 
applied to poorly coking coals during carbonisation bring about 
pronounced increases in the strength of the resulting coke. 
Further increases in the applied pressure (up to 480 lb. per sq. 
in.) have little effect. 

(2) During carbonisation mechanical strength is developed 
in the coke in two temperature ranges, viz., 400-600° C. and 
650° C. upwards. In the former temperature range the strength 
is greatly affected by the pressure applied during carbonisation 
as well as by the maximum temperature reached during car- 
bonisation. In the latter temperature range the increase in 
strength is independent of the pressure applied during carboni- 
sation, being determined solely by the maximum temperature 
reached. 

(3) Variations in the carbonising rate and time of soaking 
between relatively wide limits have little effect upon the 
strength of coke made by carbonising a poorly coking coal 
under a constant applied pressure. 


Although these results have been obtained using poorly coking 
coals, they appear to throw considerable light upon the funda- 
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mental factors of coking in general. They make clear the very 
important réle played by relatively small pressures developed in the 
coking mass as it passes through the plastic condition. It is not 
unlikely that gas evolution, bubble formation and surface tension 
are responsible for the development of pressures of the order of 10- 
40 lb. per sq. in. in the plastic mass. Whereas with the poorly 
coking coals employed, a variation in the carbonising rate had little 
effect upon the strength of the resulting coke, presumably because 
the constant applied external pressure had a predominating influ- 
ence, with a good coking coal which develops pronounced plasticity 
during carbonisation, a variation in the rate of heating would 
cause considerable variations in the pressures developed naiurally 
in the plastic mass, with a consequent effect upon the properties 
of the resultant coke.1 This view of the importance of relatively 
small pressures developed in the plastic mass during carbonisation 
offers a reasonable explanation of the variation of coke properties 
which is brought about by modifying the thermal treatment of the 
coal as it passes through the plastic condition? That purely 
chemical forces must also play a very important part in the develop- 
ment of strength in coke is shown by the fact that it is not possible 
to cause agglomeration in certain high-rank coals when they are 
carbonised under pressures of up to 500 lb. per sq. in. Even when 
powdered anthracite coke breeze or charcoal, intimately mixed 
with carbonaceous substances which become semi-liquid during 
carbonisation (e.g., pitch, shellac, starch, artificial resins), is car- 
bonised under high pressure the resulting coke possesses little 
mechanical strength. Given, however, the requisite chemical pro- 
perties, the predominating influence of the pressure developed 
during carbonisation is shown by the above results. 

The increase in strength which occurs in the second temperature 
range begins at that temperature at which the coke becomes an 
electrical conductor. This is of fundamental significance, for it 
indicates that at approximately 650° C. new cohesive forces come 
into play, owing to the liberation of metallic electrons. These new 
forces are probably also responsible for the contraction and con- 
sequent fissuring which occurs as the carbonisation temperature 
increases above 650° C. An X-ray study of the carbonisation of 
cellulose has indicated that during carbonisation from about 
650° C. upwards, the border carbon atoms of the layer planes of the 
carbon crystallites become progressively less saturated and that 
probably the forces which cause contraction and increase of strength 
from 650° C. upwards are the chemical valency forces of the un- 
saturated border carbon atoms. 

1 Cf., inter alia, Warren, Industrial and Engineering Chemistry, 1935 
vol. 27, p. 72. Davies and Mott, Fuel, 1933, vol. 12, p. 371. 

a ~ gg Foxwell, Fuel, 1924, vol. 3, p. 122 et seg. Mott, Fuel, 1933, vol. 12, 


p. 412. 
8 Blayden, Riley and Taylor, Journal of the Chemical Society, 1939, p. 67. 
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The photographic records (Fig. 10) indicate that although 
shrinkage and fracturing occurred from about 450-500° C. upwards 
they became more pronounced at the higher temperatures and also 
at the higher pressures. It appears probable that the fracturing 
below 600° C. was caused by loss of volatile matter and that above 
650° C. by the same factors which bring about the secondary increase 


in strength. 


The authors are indebted to the Northern Coke Research bart 
mittee for permission to publish this paper. 
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DISCUSSION. 


Dr. G. E. Foxweiu (London) said that Professor Riley had 
achieved a reputation in a comparatively short space of time as a 
worker on coke upon novel lines that had immense potentialities. 
His work on crystallography had already thrown a flood of light 
upon the nature of coke and upon the reactions that occurred 
during carbonisation above 500° C. It was in the carbonisation 
temperature range, from 500° C. upwards, that his greatest success 
had been achieved up to the present, and this had been due to the 
application of the methods of the pure scientist to industrial prob- 
lems, these methods being applied without any special practical 
development in view. In many respects the present paper was on 
the same lines—pure research without obvious practical application. 
It was for those who had practical knowledge of the manufacture or 
utilisation of coke to indicate the directions in which these funda- 
mental long-range researches could be translated into practice. Per- 
sonally, he had had the privilege of seeing the Newcastle laboratories, 
and he could testify to the high degree of skill displayed in the work. 
This work was of the utmost potential value to industry and should 
be supported morally, actively and financially by the coke-oven 
industry and the iron and steel industry. 

In the first part of the paper, presented last year, the authors 
showed that non-coking and poorly coking coals when carbonised 
under pressure formed a coke which was strong structurally. The 
method adopted for the determination of strength, however, gave 
no indication of the “practical’’ strength that would be affected 
by breakage along cracks. What was the practical application 
of work based upon the intrinsic strength of the material ? 

He was not certain that the determination of intrinsic strength 
had any practical application or ever could have; it was at best 
not proven. When coals were tested roughly for their carbonising 
properties by heating 1 g. in a crucible, some gave swollen buttons, 
and those would generally give more or less good coke in the coke- 
oven. Many coals obviously non-coking or poorly coking gave 
flat buttons of coke that had no great coherence, but were powdered 
by the pressure of the fingers. There was a third class which gave 
flat buttons of very hard coke, coke which would probably give a 
high hardness figure in the micro-testing apparatus. These coals, 
however, did not yield a satisfactory coke on the large scale, though 
they might do so on blending. There was, therefore, no assurance 
that the micro-testing apparatus had any practical significance, 
and Fig. 10 suggested that cokes produced in this way might be 
highly fractured. 

If the authors could suggest a way of utilising the poorly coking 
coals for the production of coke, they would indeed have performed 
a signal service in view of the need for conserving the best coking 
coals. It was difficult to see how far any commercial practice 
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could produce coke economically by carbonising under pressure. 
He suggested, however, that there was an alternative way, and the 
authors might like to try it. Some years ago he made some experi- 
ments on carbonising a Leicestershire non-coking coal by first 
compressing the coal to 10 tons per sq. in. ‘The result of this was 
a hard cube of coal, and when this was carbonised it formed a still 
harder cube of coke, the original shape of the cube being retained. 
The effect of pressure seemed to be to make the best use of what 
little fluid matter there was in the poor-coking coals by bringing the 
particles close together. He suggested, therefore, that the authors 
should experiment on these coals in the form of briquettes by com- 
pressing them to the desired pressure before coking; this might be 
the germ of a practical method of carbonisation which would give 
effect to this work, though the cost of operation could not be left 
out of account. It was difficult to see how coals could be carbonised 
commercially by applying pressure. 

Turning to the theoretical aspects of the subject, he was glad 
to see the recognition of the important rdle played by pressure 
during carbonisation. He still belonged to the school of thought 
which regarded the fluid matter formed when coal was heated to the 
plastic range as being the primary agent for coke formation, and 
he was firmly of the opinion that this fluid material was partly 
enabled to do its work by the pressure set up within the plastic 
coal causing it to flow over the outside of each particle. It might 
be that the non-fluid material formed a colloidal suspension in 
the fluid material and thus enabled the whole to become plastic 
and to be stirred up by the outgoing gases, so that it lost its identity 
altogether. He was confirmed in this view by the authors’ observa- 
tion that high-rank coals such as anthracite would not agglomerate 
even when carbonised at pressures as high as 500 lb. per sq. in. 
His own experiments showed that coking coals during carbonisation 
developed a pressure in the plastic stage that might be very con- 
siderable. If the coal was heated uniformly so that a layer perhaps 
5 cm. in length was maintained at a uniform temperature throughout 
the mass but rising in temperature at a constant rate, pressures 
of the order of 100 atm. had been recorded. On p. 90? the authors 
stated ‘It is not unlikely that gas evolution, bubble formation 
and surface tension are responsible for the development of pressures 
of the order of 10-40 lb. per sq. in. in the plastic mass.’’ So far 
as was known, pressures of this order of magnitude were not met 
with in practice, because there was a gradation in pressure from 
one end of the plastic coal to the other. Dr. Koppers had shown 
that a coke-oven wall would deform at lateral pressures of the order 
of 0-1 atm. He had recently discussed this subject before the 
Institute of Fuel, and he would only say on the present occasion 
that the comparative infrequency of damage to oven walls arising 
from this cause was evidence that pressures in practice in the car- 
bonising coal in the coke-oven rarely exceeded 1-5 Ib. per sq. in. 
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It was a very interesting extension of these findings that when 
the pressures applied were raised to 10, 20 or 40 lb. per sq. in., coals 
which had been supposed to be non-coking produced a coke which 
was strong structurally. To his mind that illustrated the import- 
ance of internal pressure during carbonisation, and led to the 
basic principle that so long as the character of a coal was such that 
the formation of fluid matter during carbonisation was possible, 
coke formation depended upon pressure, and that any coal of that 
character could be made to produce coke if the pressure applied 
was inversely proportional to the coking power of the coal. He 
would like to know whether Professor Riley agreed with that. 

This suggestion might be taken a stage further. There seemed 
to be a possibility that the formation of a strong coke depended 
wholly on the dissemination of whatever fluid material might be 
present during the plastic stage, uniformly through the coking mass. 
In his view this was effected by the ‘‘ squeezing ”’ action of pressure 
within the plastic layer. The best coking coals required no modifica- 
tion in the “ natural ’’ pressure set up, other than was secured by 
the selection of the oven width and flue temperature. Some 
coking coals were improved if blended with coke breeze, fusain or 
durain; these coals, therefore, had too much “coking power ’’ and 
required to have their internal pressure reduced. Poorer coking coals 
could not generate sufficient pressure and must have their internal 
pressure during the plastic range of temperature increased either 
by blending with a coking coal or (as shown by the authors of this 
paper) by the application of applied pressure. A coal completely 
devoid of fluid matter could never be made to produce coke however 
great the pressure, as witness the authors’ observation on anthracite. 
Thus, this paper appeared to lead to an important generalisation 
on the réle of pressure in carbonisation, which might prove the 
basis of further work. On this ground, it would not appear that 
the application of applied pressure before carbonisation could be as 
effective as the application of pressure during carbonisation. 

He would also point out that work upon the dangerous swelling 
pressures of coal, such as he had described to the Institute of Fuel, 
had shown that in practice compression of the coal greatly increased 
the pressure set up within the plastic layer, which showed itself as 
a lateral pressure on the oven walls. Thus, practical coking ex- 
perience was in line with the suggestion that he had already made, 
that the same result as was secured by Professor Riley with applied 
pressure might be secured by high compression before carbonisation. 


Mr. E. C. Evans (British Iron and Steel Federation, London) 
said there was probably no subject of greater importance to the 
industry than that of increasing the range of coking coals. They 
were already becoming scarce in some districts, and in two districts 
at least it had been necessary to crush nut coal to obtain coal for 
coking. Any possibility, therefore, of improving the coke from 
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low-quality coking coals deserved the very serious attention of the 
industry. 

The authors had given one method of attack in their paper, 
and personally he would like to emphasise the possibilities of 
increasing pressures during carbonisation. He was glad to have 
the opportunity of joining issue with Dr. Foxwell in that respect. 
Dr. Foxwell had referred to some work which he (Mr. Evans) and 
Mr. Sutcliffe had done on coal briquetting and carbonising some 
years ago. In that work they obtained from coals which were 
certainly not strongly coking coals some of the hardest cokes that he 
had ever examined, and he felt that in preparing those coals they did 
exactly what the authors were trying to do in increasing the pressure. 

He was inclined to agree with Dr. Foxwell that any method of 
applying external pressure to coal during carbonisation would be 
uneconomic. The records of the Patent Office were full of attempts 
which had been made in that direction, and they had all failed 
commercially ; but he was much more hopeful of the possibilities 
of applying internal pressure than was Dr. Foxwell. Provided 
that one could get a skin on the coke in the early stages of carbonisa- 
tion, he thought that there were, as in the briquetting process referred 
to, possibilities of increasing the internal pressure of carbonisation 
during the all-important range from 450° up to 600° C. It used 
to be done to a certain extent in the old days with compressed 
charges. It was unfashionable to talk to-day about compressed 
charges, and he was aware of the fact that one of the Coke Research 
Committees investigating compressed-charge coke as against top- 
charged coke found that compressed-charge coke had a lower 
shatter index and apparently poorer physical properties than top- 
charged coke. He had not looked up the results, and he did not 
know whether the facts were identical in both cases; but he did 
know that some iron- and steel-making firms until quite recently 
were regularly using compressed-charge coke and said that they 
obtained very much better coke and better blast-furnace economy 
than with coke from the same coal with top charging. 

He believed that a modified process of compressed charging— 
making use of modern knowledge regarding the influence of size, 
including not only the factor of bulk density but all those factors 
of size, shape, &c., which had an influence on the specific surface 
and on the character and degree of porosity, and taking advantage 
of blending to get a balance between expansion and contraction in 
the carbonising process—might make it possible to apply internal 
pressures with some coals considerably higher than was the case 
to-day, thus bringing about an improvement along the lines that the 
authors had indicated. 





CORRESPONDENCE. 


Mr. T. Evans (Cardiff) wrote that the authors had provided 
further evidence of the profound change in character which appeared 
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in the residues of coals carbonised at all temperatures above a 
certain critical temperature in the region of 650-700° C. They 
had in the present paper extended the range of coals showing this 
change to include both high- and low-volatile coals outside the 
group of coals usually described as the coking coals. 

As early as 1910, Burgess and Wheeler drew attention to a second 
stage in the decomposition of all coals at around 600-700° C., 
marked by an enhanced yield of hydrogen. The existence of this 
point of further breakdown was contested in some quarters, ¢.7., 
Porter and Ovitz of the U.S. Bureau of Mines suggested that in both 
laboratory and works scale carbonisations the increased yield of 
hydrogen was mainly due to the thermal decomposition of volatile 
hydrocarbons previously formed at a lower temperature. 

The results, as yet unpublished, of a detailed study of the 
decomposition of some South Wales anthracitic and carbonaceous 
coals might be of interest in this connection. The study of twelve 
of these coals, of volatile matter content between 5 and 12% and 
of negligible tar yield, had shown that, whereas the initial breakdown 
of the coals began at a higher temperature the higher the rank of the 
coal, the second stage of decomposition, as defined by a slight but 
definite acceleration of the gas evolution, occurred in all cases at 
substantially the same temperature. 

It was generally accepted, largely as the result of the researches 
of the late Professor Bone, that the structure of all carbonaceous 
fuels from peat to anthracite took the form of a highly unsaturated 
“ benzenoid ” central part ornamented with numerous peripheral 
groupings higher in hydrogen. The peripheral groupings were in all 
probability mainly responsible for the tar, liquor and hydrocarbon 
gases obtained on carbonisation. In the transition from peat to 
anthracite, the central and more stable benzenoid core became 
progressively larger and the peripheral groupings smaller and less 
important. The constancy of the temperature at which hydrogen 
production became marked suggested that this inner core was little 
affected up to 600-700° C. and that above this temperature break- 
down of this part of the coal structure commenced with the elimina- 
tion of hydrogen and with a more orderly and condensed arrange- 
ment of the remaining carbon atoms, giving a structure in many 
ways comparable to that of graphite. 

The analytical data given in the paper in Tables I., VI. and 
VII. for the Northumberland coal C518 and its residues could be 
used to follow the breakaway of carbon, hydrogen and oxygen 
atoms from the parent material with increase of temperature. 
Assuming a molecular weight of 2,000 for the original coal, the 
number of atoms of these elements would be respectively 140, 107 
and1l. At700°C., from Table VI., the number of carbon, hydrogen 
and oxygen atoms eliminated would be 33, 80 and 8; at 950° G.. 
35, 100 and 9. Similar conclusions could be drawn from the data 
given in Table VII. 
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It was seen that at 700° C. the elimination of carbon atoms was 
virtually complete but that considerable hydrogen still appeared 
up to 950° C., giving a prima facie case for the suggestion that the 
development of the graphitic carbon structure was intimately 
connected with the elimination of this hydrogen. The authors’ 
views on this aspect of carbonisation would be of interest. 

Another question, of more apparent practical interest, was the 
relative importance of graphitic carbon formation by this internal 
rearrangement and by deposition due to the thermal decomposition 
of volatile hydrocarbons in bulk carbonisation. The cumulative 
evidence acquired and published by Professor Riley and his collabora- 
tors left no doubt that considerable internal rearrangement of the 
residual carbon did take place in high-temperature carbonisation. 
On the other hand, the low thermal conductivity of all coals led 
to the formation, with coking coals, of a plastic envelope within the 
charge, offering considerable resistance to the passage of volatile 
products of decomposition. Some part of these products was forced 
to leave the charge by way of the outer and incandescent layer of 
coke already formed, with consequently a considerable cracking 
of the initial products of decomposition, resulting in lower tar and 
higher gas yields. This cracking must result in the redeposition 
of carbon on the coke. 

An approximate value for the amount of carbon thus deposited 
could be obtained from the data given in a recent paper by Deakin, 
describing a modern coking installation in South Wales. The 
practice at these ovens was to blend to a close limit of volatile 
matter content, 25% expressed on the dry coal. This value for the 
volatile matter evolution could reasonably be assumed to be ob- 
tained under conditions giving the minimum of secondary de- 
composition. The actual average yields of dry coke obtained 
could be calculated from the data given in the paper as 80%, 
i.e., a loss of only 20% in volatile matter, and 5% less than the 
theoretical. It would therefore seem that under practical carbonisa- 
tion conditions carbon to the extent of several per cent. could be 
redeposited on the coke. Some, if not all, of this carbon was de- 
posited in a form having a structure analogous to that of graphite, 
as witness the retort carbon which accumulated in horizontal-retort 
practice. Its deposition must have a cementing action and con- 
tribute to the strength of the bulk coke. What were the relative 
contributions of the graphitic carbon from the two sources to the 
strength of industrial cokes ? 





AUTHORS’ REPLY. 


PROFESSOR RILEY, in reply, said that both Dr. Foxwell and Mr. 
EK. C. Evans had referred to the possibility of the practical application 


1 Proceedings of the South Wales Institute of Engineers, 1936, vol. 52, p. 247. 
1939—i H 
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of the results of the investigation. This was, of course, a problem 
for the technician. The results obtained, however, appeared to give 
information which should serve as a valuable guide in the blending 
of coals for coking purposes, for, as Mr. E. C. Evans had mentioned, 
the development of internal pressure, due to gas evolution, must 
be one of the important factors determining coke strength. The 
results reported suggested that pressures up to 30 lb. per sq. in. 
developed during carbonisation probably played a part in deter- 
mining coke strength. Dr. Foxwell had stated that these values 
were probably too high. It should be borne in mind, however, that 
in the coke-oven one was dealing, not with a fluid, but with an 
almost rigid mass, which would not transmit all of the internally 
developed pressure to the oven walls. He was in full agreement 
with Dr. Foxwell as to the importance of the conditions developed 
as the coal passed through the plastic range. He did not think, 
however, that the very interesting views put forward by Dr. Foxwell 
twenty years ago were complete. They probably expressed cor- 
rectly the physical aspect of the process, and he was sure that Dr. 
Foxwell would agree that there was also an important chemical 
aspect which at present was not understood. For example, it was 
not possible to imitate synthetically in the laboratory the coking 
process. If one mixed an inert substance such as anthracite or 
active carbon with a material which became liquid at about 400° C. 
and carbonised the mixture under pressure, it had not yet been 
possible by this means to obtain a strong coke. This indicated that 
specific chemical forces must play an important part. 

With regard to the strength of coke made by carbonising 
briquettes which previously had been subjected to high pressure, 
one such specimen gave a micro-strength index of about 9-5/52, 
i.e., less than that of a good metallurgical coke. 

In reply to Mr. T. Evans, Professor Riley wrote that the general 
stoichiometric picture of the carbonisation process as revealed by 
detailed chemical and X-ray studies had been described recently 
by himself, Mr. H. E. Blayden and Dr. A. Taylor. 

X-ray studies indicated that the crystallographic nature of the 
so-called “‘ graphitic ’’ carbon produced by the pyrolysis of hydro- 
carbons during carbonisation was not greatly different from that of 
coke carbon. Strength tests on retort carbon gave a micro-strength 
index of 35-5/72, 7.e., of the same order as a good metallurgical 
coke. It was therefore possible that carbon deposition might play 
a part in the development of the strength of commercial cokes. 
In the experiments described, however, little or no deposition could 
have occurred, as the heating was done from the bottom of the 
retort only, so that the whole of the increase in strength was due 
to other causes. . 


1 Blayden, Riley and Taylor, Journal of the Chemical Society, 1939, pp. 
67-75: Riley, Chemistry and Industry, 1939, vol. 58, No. 17, p. 391. 
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THE EFFECT OF NITROGEN ADDITIONS 
AND HEAT TREATMENT ON THE PRO- 
PERTIES OF HIGH-CHROMIUM STEELS.* 


By E. W. COLBECK, M.A., anp R. P. GARNER (Nortuwicnr). 


(Figs. 7 to 24 = Plates II. to V.) 


SUMMARY. 


This paper describes the results of experiments carried out with a 
view to overcoming the normal brittleness and coarse grain size of 
high-chromium steels. A technique has been developed for alloying 
nitrogen with chromium steels containing between 21 and 28% of 
chromium. The preparation of a nitrogen-rich ‘‘ temper ”’ alloy of 
iron and chromium and the subsequent manufacture of ingots 
of high-chromium steel from this material are described in detail. 

It has been found that the optimum nitrogen content of these 
steels is of the order of one-hundredth of their chromium content; 
if such an amount is exceeded there is a marked tendency for the 
ingots to become unsound and gassy, owing to the release of nitrogen 
on solidification. 

The heat treatment of these nitrogen-bearing high-chromium 
steels has been studied. It has been found that improved toughness 
and ductility can be obtained by quenching steels containing between 
22-5 and 28% of chromium from between 1100° and 1200° C., pro- 
vided that nitrogen is present. A further marked improvement is 
obtained by adding 4-14% of nickel to such steels. The heat 
treatment recommended by American workers in this field does not 
produce the desired toughness and ductility. 

The microstructures of a large number of alloys have been 
examined after different heat treatments. This has shown that a 
duplex a+ y field exists at high temperatures in the Fe-Cr—C-N, 
system. Quenching from this phase field results in the retention of 
a plain ferrite-plus-austenite structure after treatment; this struc- 
ture coincides with the best toughness and ductility in these 
steels. 

It has been confirmed that additions of nitrogen to these high- 
chromium steels have a marked refining action on their grain size. 

Experiments have been carried out on the heat-resisting pro- 
perties of 23-28% chromium steels, and it has been found that 
nitrogen additions are valuable in inhibiting grain growth at 1100° C. 
and in preventing embrittlement after exposure to such conditions. 

During the course of the investigation it was repeatedly observed 
that additions of nitrogen followed by the correct heat treatment 
improved the machinability of these high-chromium steels. 





* Communication from the Research Department of Imperial Chemical 
Industries (Alkali), Ltd., Northwich, received February 10, 1939. Certain 
features of the work contained in this paper form the subject-matter of a 
British patent application. 
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INTRODUCTION. 


Ferrritic chromium steels containing more than 20% of chromium 
are used in moderate quantities in industry on account of their 
good resistance to corrosion and to scaling at elevated temperatures. 
Their development, however, has been restricted owing to their 
inherent brittleness and excessive grain growth in the higher tem- 
perature range. 

In the past few years investigations on the addition of nitrogen 
to steels of this type have shown that small quantities of this ele- 
ment tend to control the grain size and to bring about a small 
improvement in physical properties. As recently as 1938, Krivo- 
bok‘? summed up the then existing state of knowledge regarding 
23-30% chromium irons thus: “ While the grain size can be refined 
by deliberate additions of nitrogen, the problem of impact brittleness 
has not yet been solved.” 

At the present time this question is receiving attention in America, 
but the current literature of Great Britain contains few references. 
Papers dealing with the effect of nitrogen on the mechanical pro- 
perties of high-chromium steels have been published, but little 
information is available on methods of manufacturing these steels 
and, in particular, the means employed for the introduction of the 
nitrogen. 

The present paper puts on record the results of an investigation 
into the manufacture, and the effect of heat treatment on the 
properties, of high-chromium steels containing varying amounts of 
nitrogen. 

HISTORICAL. 


Chromium has been widely used as an alloying metal in ferrous 
metallurgy, and iron-chromium-carbon alloys have been the subject 
of many investigations. Early workers‘ on the carbonless alloys 
were in hopeless disagreement, most probably owing to the impurity 
of the materials used by them. 

Later Pakulla and Oberhoffer,® von Vegesack“® and Adcock ‘® 
obtained more consistent results for the iron-chromium system. 
Fig. 1 shows Adcock’s diagram, and this may be considered to be 
the most accurate determination to date, the alloys in his investi- 
gations being prepared with extreme care to avoid contamination. 

Determinations of the extent of the y loop have been made by 
Bain,“ Oberhoffer and Esser,‘” Kinzel,‘® Maurer and Nienhaus“ 
as well as by Adcock and others. In general, good agreement has 
been obtained as to the shape and limits of the y loop in the carbon- 
less alloys. The limit of the y field has been established by these 
workers at from 12-:2% to 14% of chromium. In Fig. 1 it will be 
seen that the y—-—> « transformation temperature falls at first with 
increasing chromium, reaching a minimum at about 850° C. and 8% 
of chromium, then rises to meet the ’——> y transformation, which 
falls steadily as the chromium content increases. 
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Fie. 1.—Iron-Chromium Equilibrium Diagram (Adcock, Journal of the 
Iron and Steel Institute, 1931, No. II., Fig. 8, p. 128). 
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Effect of Carbon. 


Although much work is yet to be done before accurate information 
concerning the Fe-Cr-C system is available, a broad outline of its 
main features may be given. 

Krivobok and Grossmann, from the results of their investi- 
gations on the structural changes of chromium steels, assumed the 
general shape of sections through the ternary Fe-Cr-C model at 
various chromium contents and parallel to the Fe-C plane to be 
as shown in Fig. 2. From these diagrams the reason for the brittle- 
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Fia, 2.—Sections through the Fe—Cr—C Model at various chromium contents, 
showing trend of structural changes (Krivobok and Grossmann, T’rans- 
actions of the American Society for Steel Treating, 1930, vol. 18, Fig. 54, 
p. 36). 











ness of the high-chromium steels is apparent. In these steels the 
carbon content is always low, so that the « phase exists at all tem- 
peratures, and no grain refinement by heat treatment is possible. 
It would be expected, therefore, that the structure of the material 
should consist of large « grains, probably with a quantity of precipi- 
tated carbides. This structure is actually found, and is illustrated 
by the photomicrograph in Fig. 7. 


Effect of Nitrogen. 

Franks,2” in some work published in 1935, described experi- 
ments on chromium steels containing up to about 26% of chromium, 
together with small amounts of nitrogen. 

It is stated that nitrogen tends to promote the formation of 
austenite, and by so doing improves the response of chromium steels 
to hardening treatment. Even ferritic steels are said to show some 
response to hardening treatment if nitrogen is added. 
Consequently, it is claimed, grain refinement can be obtained in 
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25% chromium steels containing nitrogen; the optimum amount 
of nitrogen is stated to be about one-hundredth of the chromium 
content. 

It is stated that the addition of about 1% of nickel (which also 
tends to promote austenite formation) is beneficial, particularly in 
the case of a steel containing nitrogen. A steel containing 25% of 
chromium, 1-25% of nickel, 0-35% of carbon and 0-25% of nitrogen 
is said to give a much finer grain size in a 3-in. dia. sand-cast bar 
than a similar steel with a low nitrogen content in a l-in. dia. bar. 

Typical properties of wrought high-chromium steels with low 
and high nitrogen contents are quoted by Franks. An extract 
from Table VI. of his paper is givenin Table I. These figures show 
a remarkable improvement in impact properties on the addition of 
nitrogen, and a considerable further increase if nickel is also present. 


TABLE I.—Properties of Wrought High-Chromium Steels (cf. R. 























Franks»), 
Analysis. : Ulti- 

isa | oats | Bon: !edae| 120 

Treatment. Tons = on 2 _ of é 

Or. | ©: | By TM. per oer in. oe Pit, 

%- %- %- %- 8q-in. | oq. in, %- = iste 
22-46 | 0-08 | 0-032 ace 8 hr. at 900° C., W.Q. | 20°76 34-65 30 60 4 
22-30 | 0-10 | 0-21 oes 6 hr. at 900° C., W.Q. | 24-11 37-95 29 66 24 
22-27 | 0-12 | 0-26 1-20 | 6 hr. at 900° C., W.Q. | 29-91 55-37 23 47 37 
26-20 | 0-14 | 0-045 eee 8 hr. at 900° C., W.Q. | 25-00 37-06 26 51 2 
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Photomicrographs are also given, illustrating the effect of dif- 
ferent heat treatments on two 25% chromium steels with high and 
low nitrogen contents. Prolonged exposure at high temperatures 
develops very large grains in the low-nitrogen steel, but has a much 
smaller effect on the steel containing 0:22% of nitrogen. 

Further confirmation of the improvements in the properties of 
wrought alloys of high chromium contents as a result of nitrogen 
additions has been obtained by J. A. Jones.4” Experiments on 
low-carbon alloys containing 18%, 22% and 28% of chromium 
showed that the introduction of small amounts of nitrogen served 
to refine the grain structure and to bring about a small increase in 
the toughness of the alloys. 

Jones found that the 18% chromium alloy containing 0-20% 
of nitrogen was readily hardenable when heat-treated at tempera- 
tures above 900°C. As regards impact properties, the 22% 
chromium alloy was slightly improved by the addition of nitrogen 
followed by air-cooling from 900°C. These improvements, how- 
ever, were considerably less marked than those obtained by the 
present authors with a similar alloy water-quenched from above 


1100° C. 
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Tests on the susceptibility to embrittlement of chromium-iron 
alloys containing 22% and 28% of chromium are also tabulated. 
These tests show that the grain growth and rate of embrittlement 
after prolonged exposure at temperatures of 1000-1100° C. are 
considerably less in the alloys containing nitrogen than in the 
corresponding alloy without nitrogen. 

This work indicates that there are considerable possibilities in 
the addition of nitrogen to steels and irons of high chromium con- 
tents, but no clue is given as to how the nitrogen was introduced, 
except that nitrogen-bearing ferro-chromium was used in the manu- 
facture of the ingots. 

Adcock,” however, in the course of some work on the high- 
chromium irons, observed that metallic chromium and the high- 
chromium iron alloys, while in the molten state, readily absorbed 
nitrogen from the atmosphere. Commercially pure chromium, held 
molten for 50 min. in an atmosphere of nitrogen, was found to 
contain 4% of nitrogen, while electrodeposited chromium absorbed 
2-38%, of nitrogen when held molten in air for only 2 min. Adcock 
also observed that chromium-iron alloys pick up nitrogen quite 
readily in the solid state at temperatures of 1000° C. and over. 

Quite recently Comstock * has published the results of his 
experiments on the addition of titanium cyano-nitride and of 
zirconium cyano-nitride to the chromium irons. 

Comstock states that high-nitrogen alone was not sufficient to 
ensure a fine grain size in the forged bars. Curves are also shown 
comparing the mechanical properties of high- and low-nitrogen 
steels (the former made with nitrogen-bearing ferro-chromium), and 
high-nitrogen steels to which the nitrogen was added as titanium 
cyano-nitride. These curves show that the titanium-chromium 
steels have greater strength and higher ductility when heat-treated 
than those made with nitrogen-treated ferro-chromium and _ heat- 
treated in a similar way. 

The present authors have found that forged and heat-treated 
materials of similar composition—to which the nitrogen was added 
as nitrogen-treated ferro-chromium—exhibited higher values than 
those obtained by Comstock, as regards both ultimate strength and 
ductility as measured by elongation and reduction in area. It is 
possible that differences in the amount of reduction during forging 
would account for this, since Comstock does not give the dimen- 
sions of his ingots. Again, in the present work, the authors have 
found that nitrogen alone, added with the ferro-chromium, has a 
pronounced refining effect on the grain size in wrought high-chromium 
steels, and that this refinement is retained after long exposure at 
high temperatures (about 1100° C.). 

Krivobok,‘™ in his Campbell Memorial Lecture on alloys of iron 
and chromium, refers to the effect of nitrogen in chromium steels, 
and states: “Nitrogen, when present, acts much in the same 
manner as carbon, conferring upon alloys the ability to harden and 
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generally alter their physical properties.”” A few figures are given, 
showing the results of impact tests on alloys containing nitrogen 
with 18% of chromium, but no mention is made of alloys within the 
21-28% chromium range. 


EXPERIMENTAL WORK. 


The published literature appears to establish the marked effect 
of small percentages of nitrogen in refining the structure and im- 
proving the mechanical properties of high-chromium steels.1° It 
was felt, however, that similar results might be obtained by the use 
of elements more normally added ta steels for controlling the grain 
size. A few preliminary tests were therefore carried out to deter- 
mine the effects of small additions of aluminium, titanium, cobalt, 
&c., on ingot crystallisation, before proceeding to study the pro- 
duction of steels containing nitrogen. 


(1) Preliminary Experiments. 

A series of five small melts of iron and chromium, each of 500 g., 
was made in a 30-kW. valve-operated H.F. induction furnace. 
These charges contained approximately 25% of chromium and 
0-15% of carbon, and were cast into small 1-in. dia. chill moulds, 
One melt was made without any additions as a “ blank’”’ ingot. 
To the remaining melts the following additions were made : 


1% of cobalt; 1% of nickel; 1% of titanium; 0-25% of 
aluminium + 0-2% of silicon. 


Melting and casting conditions were kept constant throughout, and, 
when cool, the ingots were broken across and the structures ex- 
amined. In every case coarse columnar crystals were present, with 
a very small area of equi-axed crystals in the centre of the bar. 
No appreciable differences were observed between any of the ingots ; 
in fact, the “‘ blank ’’ had perhaps a slightly finer structure than the 
others. 

It did not appear to be worth while to continue experiments 
along these lines, and work on the effect of metallic elements was 
abandoned. 


(2) Treatment of Ferro-Chromium with Nitrogen. 


It was felt that the best method of introducing nitrogen into the 
high-chromium steels was to prepare, in the induction furnace, a 
“temper ”’ alloy of ferro-chromium with a high nitrogen content. 
According to Adcock, it appeared that nitrogen would be readily 
absorbed by ferro-chromium, and experiments were carried out in 
the induction furnace in an attempt to make a 70/30 chromium- 
iron alloy containing at least 0:7% of nitrogen. Such an alloy would 
then be used in the manufacture of the final steels, and would give 
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approximately 0-25% of nitrogen in the 25% chromium alloy, thus 
fulfilling the conditions suggested by Franks, namely, that a 
chromium : nitrogen ratio of about 100 : 1 should be obtained. 

In the earlier experiments cylinder nitrogen was bubbled into 
the molten ferro-chromium through a small alumina tube. The 
difficulties encountered in maintaining the charge in the liquid state 
for a sufficient length of time without risk of excessive contamination 
from the crucible or damage to the alumina tube were very consider- 
able. Finally, an ingot of ferro-chromium containing about 0-5% 
of nitrogen was made by feeding a brisk stream of nitrogen into the 
crucible during melting, followed by a short period of bubbling when 
in the liquid state. An ingot was made from this material and 
contained about 25% of chromium and 0-2% of nitrogen. After 
forging and heat treatment at 900° C., Izod impact tests were 
carried out; figures of about 2 ft.lb. were obtained, and there was 
little difference in grain size from that normally found in 25% 
chromium steels. 

Further analysis revealed that an excessive amount of silicon 
was present (1-47%), and the stock ferro-chromium was found to 
contain 2-38% of silicon. This was thought to be the reason for 
the lack of improvement in the impact value of this steel, since 
silicon is a powerful y-loop-forming element and would be expected 
to outweigh the effects of the nitrogen present. 

At this point it was fairly clear that these experiments in which 
nitrogen was bubbled through the molten ferro-chromium were not 
entirely satisfactory. The quantity of gas which could be intro- 
duced by such a method in a reasonable time would represent a 
very small percentage; for example, to increase the nitrogen con- 
tent by 0-7% in a charge weighing 10 lb. required the absorption of 
no less than 25 litres of nitrogen at atmospheric pressure. The rate 
of bubbling could not be increased beyond a certain point owing to 
splashing of the molten metal; at the rate used it was estimated 
that 30-40 min. would be required to pass 25 litres of nitrogen. 

Much of this was wasted, so that probably the charge would 
need to be held molten for about an hour to secure the required 
nitrogen absorption. In the experiments already quoted the 
“ bubbling ”’ time was only 9-10 min., so it is evident that most of 
the absorption took place from the atmosphere. Again, it was very 
undesirable to hold a charge molten for a time approaching an hour, 
on account of the effect on the crucible, which is particularly severe 
in the case of high-chromium alloys. Furthermore, it was definitely 
established that pick-up of silicon occurred on holding the charge 
in the liquid state, presumably from the refractory. After several 
treatments, in which the total time in the molten condition was 
28 min., a charge of ferro-chromium was found to have a silicon 
content of 3-19%. 

In view of these considerations it was decided to attempt to intro- 
duce sufficient nitrogen into the ferro-chromium in the solid state. 
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(3) Treatment of Solid Ferro-Chromium with Nitrogen. 


Two new batches of low-silicon ferro-chromium, having the 
following analyses, were obtained : 


Batch A. Batch B. 
Carbon . ‘ ‘ : . 0-:05% 0-:06% 
Silicon . . R - ‘ 0-51% 00-63% 
Aluminium ‘ : ‘ : 0:2% 0-1% 
Nitrogen ‘ ‘ ‘ ° 0-091% 0-018% 
Chromium ‘ : ° - 60:9% 65-9% 


Using batch B ferro-chromium, several treatments were carried 
out. The procedure was as follows: A 6-lb. charge of ferro- 
chromium in small pieces was packed into the induction furnace 
crucible with a Pythagoras tube passing almost to the bottom. 
Through this tube a stream of nitrogen was passed so that the 
charge was in an atmosphere of fairly pure nitrogen. The charge 
was then heated and maintained at a temperature of 1200-1400° C. 
for a period of 1-2 hr. The gas tube was then withdrawn, and the 
charge was melted, cooled in the crucible and broken up for use in 
making up the ingots. 

Nitrogen determinations were not carried out on all these pre- 
liminary melts, but, using ferro-chromium which had been treated 
in this way for 2 hr., it was found possible to obtain a nitrogen 
content as high as 0-36% in a 25% chromium ingot. A further 
charge of batch A ferro-chromium, after treatment for 1} hr., was 
analysed and gave a figure of 1-66% of nitrogen. 

Later it was discovered that considerable segregation of nitrogen 
occurred in the crucible-cooled melts. Chill-casting overcame this 
difficulty, and a number of subsequent “ treated ’’ ferro-chromium 
ingots were analysed very thoroughly for nitrogen variations. All 
were found to be extremely homogeneous in this respect. 

Eventually the method for the introduction of nitrogen into 
ferro-chromium was standardised into the following simple pro- 
cedure: A 6-lb. charge of broken ferro-chromium was heated 
quickly to about 1300° C. and maintained at that temperature for 
1-1} hr. while a stream of nitrogen direct from the cylinder was 
passed through it. At the end of that time the gas tube was lifted 
to above the surface, and the charge was melted, tapped into a 
chill mould and then quenched from about 1100° C. Variations in 
the temperature of the treatment affected the final nitrogen content 
of the ingots; the higher the temperature the greater was the 
amount of nitrogen. The usual nitrogen content obtained by this 
treatment was between 1-5 and 2-0%. 

By treating the material in this way, troubles due to slagging 
of the crucibles and pick-up of silicon by the charge are almost 
completely avoided, while it is clearly possible to obtain quite high 
nitrogen contents by prolonging the time of treatment. 
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MANUFACTURE OF HiGH- AND Low-NITROGEN-BEARING CHROMIUM 
STEELS. 


(1) Method of Making the Ingots. 


All the material used in the present work was made in the high- 
frequency induction furnace, using proportions of mild steel and 
Armco iron to obtain the desired carbon content and 70% ferro- 
chromium of the previously stated compositions. The analysis of 
the mild steel was as follows : 


Carbon ; : . - 020% 
Silicon ; . ; - O20% 
Sulphur : : , - 0:04% 
Phosphorus . ‘ : - 0:04% 
Manganese . ; 0-5-0- 7%, 


The total weight of each charge was 124 Ib. Melting was done in 
sillimanite crucibles. Each melt was deoxidised with small addi- 
tions of manganese and ferro-silicon, and then cast into smoked, 
slightly preheated, vertical cast-iron chill moulds of the following 
dimensions : 


Height . . ‘ + Sin. 
Diameter: Top. : . 2hin. 
Bottom . 2} in. 


The metal was poured through a abe sand head with a 4-in. 
dia. hole, and the ingots were lifted out when solid and cooled off in 
dry sand. 


(2) 25% Chromium Steel Ingots. 


A number of ingots containing 25% of chromium were made 
with varying nitrogen contents to determine the maximum amount 
of nitrogen capable of solution at that chromium concentration. 
In making up the charges it was found that the nitrogen content 
of the finished steel could be accurately controlled by the suitable 
mixing off of “treated ’’ and “ untreated ’’ ferro-chromium. 

Each ingot that appeared to be sound was surface-skimmed in 
the lathe to remove all irregularities, and then nicked and broken 
across at about 1 in. from the top as a precautionary measure 
against internal unsoundness. 

Table II. embodies the results of the examination of the frac- 
tures of the low- and high-nitrogen-bearing ingots, both with and 
without the addition of small quantities of nickel. It will be seen 
that ingots containing nitrogen in excess of 1°, of the chromium 
content tend to be unsound. These results are in agreement with 
the observations of Franks and others, who state that the maximum 
nitrogen concentration in the 25% chromium steels is 0: 25%. The 
fractures of two ‘‘ over-nitrogenised ’’ ingots are shown in Fig. 8, 
the large bright radial blow-holes being typical of such ingots. No 
marked differences in grain size were found in the as-cast fractures 
of high- and low-nitrogen ingots. 
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(3) Experiments on Forging the 25%, Chromium Ingots. 


In the early stages of the work, forging was carried out at tem- 
peratures varying from 1200° to 950° C., and in some cases at even 


















































TABLE II.—Composition of Ingots. 
g Ir. Q Si. Ni. x .- | Mn. 8. a 
ee] SL | LT ae | SL seh | oe. |e — 
' 
21% Chromium Alloys. 
X353 21:8 | 0-04 ; 0-21 oes 0-26 eee eee coe oe 
X370 21-0 | 0-10 | 0-25 _ 0-04 ee 0-52 | 0-02 | 0-017 | Sound ingot. 
X371 | 21-7 | 0-12 | 0-24 | ... | 0-20 ies Re oi ay e* 
X372 | 21-5 | 0-12 | 0-21 | 0-56 | 0-19 egy Re 
yr Q7 . . 92 5) . 
wre | 2to | 601 | os | Sas | Sa Etat como 
X375 | 21-0 | 0-12 | 0-50 | 0-50 | 0-24 see — 
X377 | 21-0 | 0-12 | 10 | 0-50] 0-24] .. | .. |... wie se 
X378 | 21-1 | 0-10 | 0-27 | 0-55 | 0-20 ooo 0-53 | 0-024 
X379 | 21-2 | 0-12 | 0-28 on 0-19 | 0-66 one ese Sound ingot, 
X387R} 20-48) 0-12 | 0-30 | 0-57 | 0-21 eos eee eee ... | Very slightly unsound. 
X388R} 21-0 | 0-10 | 0-30 | 10 0-20 eee eee eee ... | Very unsound ingot. 
X391 | 20:57] 0-19 | 0-28 | 0-56 | 0-29] ... see oe ie + 2 Be 
X390 | ... ne a a fs eee ne ee = ve s cs 
23% Chromium Alloys. 
X385R| 22-9 | O11 ; 0:35 | 1-04 | 0-27 ose ooo eee .» | Flat top ingot. 
X399 | 23-4 | 0-15 | 0-38 | 0-95 | 0-31 eos ese eee ... | Sound ingot. 
X398 | 24-0 | 0-16 | 0-35 | 0-96 | 0-34 oes ooo one eco Unsound ingot, 
X405 | 23-4 | 0-15 | 0-21 ove 0-08 Sank well, sound ingot. 
X406 | 225 | 0:15 | 0-27] ... | 0-22 aS Faia Re 
X407 | 23-3 | 0-16 | 0-23 | 1-07 | 0-05 ee 3s aS 
X408 | 23-7 | 0-15 | 0-26 | 1-11 | 0-25 cite See mA 
25% Chromium Alloys. 
X356 | 26-0 | 0-14 | 0-26 ) 1-07 | 0-37 ove see [ee .-» | Sound ingot. 
X16 | 96-0.| O48 | 1-00 |: ac. | 08K | oss | cre | sce | nes oe ba 
X350 | 24-0 | 0-06 | 0-25 0-18 Bf oe hw 
X351 | 25-0 | 0-07 | 0-26 RO cee |) eae IB ae aes ee 
X354 | 25-1 | 0-10 | 0-25] ... | O36] ... ove ove -+» | Unsound ingot. 
X355 | 24-4 | 0-14 | 0-24 | 1-04 | 0-28 oss sue ~ +. | Sound ingot, 
X357 25-0 | 0-13 | 0-26 oon 0-11 ose 0-53 | 0-021 | 0-04 ” os 
X358 | 24-7 | 0-13 | 0-26 | 1-09 | 0-12 oes 66 eee =| 0-039 * * 
X359 | 24-9 | 0-12 | 0-43] ... | 0-13 |(O-5AD) ... aes ree 
X360 | 248 | 0-10 | 0-28 | 1-13 | 0-24 eee eee cee eee ” 
x361 | 249 | 007 | 0-28] ... | 0-31 | ee cea |e arn 
X362 | 24-9 | 0-14 | 0-28 | 1-14] 0-29 | ... | O64] ... sie aaa ee 
X368 | 25-2 | 0-11 | 0-27 | 1-12 | 0-24 | ... | 0-67 |0-022/0-020|] ,, 4 
X367 | 25-2 | 0-12 | 0-26 | 0-61 | 0-25 | ... ek sis Sea oS 
X376 | 25:6 | 0-09 | 0-27 | ... | O21 | 126] ... ii Sug ee be 
X380 (Similar to X355) 0-29 eee ove vee ... | Unsound ingot. 
X381 | 25-0 | 0-13 | 0-25; 10 | 025] ... ae ea és a 
X383 | 24:3 <es 0:09 | ... 0-33 eee eos eee eee ” ” 
27-28% Chromium Alloys. 
X332 | 27-0 | 0-11 | ... 0-07 
X335 | 27-1 | 0-10 | 0-83 0-07 
eae O74 | Ose RST 1 OO a] eee fee Pees 
¥ 7. | . -1¢ 
Foo 37-0 0-07 0-28 oe 0-19 oes eee eee eee All ingots sound. 
4 27°7 0-38 | 0-97 0-33 eee ose eee ave . bh 
X401 | 27-8 0-33 0-06 Sank well in the 
< - 0-10 “ eee 2? oee eee one ee head 
X402 27:8 + 0-33 eae 0-32 > 
X403 27°8 0-12 0-37 | 1-17 | 0-06 
X409 27-1 0-29 | 1-73 | 0-09 
X410 | 27-1 || 0-29 | 1-80 | 0:33 | 
| 

















lower temperatures. The material worked readily at the higher 
temperatures, but became appreciably stiffer below about 1000° C. 
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In view of the rapid grain growth which is known to occur in 
high-chromium steels at elevated temperatures, it was felt that the 
lower the temperature at which forging was carried out, the better 
was the chance of securing a fine grain size in the finished bar, even 
in steels of high nitrogen contents. Forging was therefore attempted 
at quite low temperatures, but, even with the greatest care, below 
about 1000°C. it was found impossible to prevent the bars from break- 
ing up internally. It was noticed, however, that the fractures of 
such bars showed an extremely fine, almost fibrous structure in the 
uncracked parts. 

Later, temperatures of 1100-1200° C. were used for all forging 
operations, and no failures occurred with ingots that were initially 
sound, 

After a few preliminary trials the following forging technique 
was standardised for all ingots used in the experiments: Pre- 
heating to forging temperature was carried out in a smith’s fire, 
about ? hr. being allowed for soaking right through. The actual 
forging was done under a swaging machine capable of delivering 
light blows at the rate of 600 per min. Each ingot was reduced to 
g-in. dia. bar, from which standard-sized test-pieces, 7.e., tensile and 
both square and round standard Izod specimens, could be machined. 

After cropping 3-4 in. from the bottom end of the bar, 20-in. 
lengths of both 3-in. dia. and }-in. dia. bars were drawn down. 

The average diameter of the turned ingots was approximately 
2 in.; therefore the reduction expressed as a ratio of the diameters 
for the different sizes of bars was as follows : 


$-in. bars 2-3 to 1. 
3-in. bars 4 tol 
%-in. bars 5-3 to 1. 


(4) 21%, 23% and 27-28% Chromium Ingots. 

Ingots containing 21°, 23% and 27-28% of chromium, with high 
and low nitrogen contents, and in some cases with small additions of 
nickel, were then made and forged in the same way as the 25% 
chromium series. 


(5) Analyses of Forged Bars. 


Material was taken from approximately the middle of each bar 
and determinations were made for chromium, carbon, silicon, 
nickel, nitrogen, and in some cases for sulphur, phosphorus and 
manganese. 

The method used in this work for the determination of nitrogen 
was that suggested by Jones and Morgan “® and employed by them 
in their investigations into the nitrogen-hardening of steels. 

The complete analyses of all the ingots used in these experiments 
are embodied in Table IT. 





— 7 


oe -- A a6 


Ushio FIA 


Imnart 





HEAT TREATMENT ON HIGH-CHROMIUM STEELS. 123 P 


MECHANICAL TESTING OF ForRGED MATERIAL. 


(1) Impact Tests. 

Izod impact tests, on both standard square and standard round 
specimens, were carried out on a number of the alloys in the as- 
forged and the heat-treated conditions. 

The majority of the impact tests, however, were made using 
the $-in. dia. material, and for these tests the Hounsfield tensometer 
was used. This machine enables tensile, impact, &c., tests to be 
carried out on materials of which only comparatively small quanti- 
ties are available. 

The results of these tests are to be found in Tables IIT. to VI. 

It will be seen that considerable toughness, as measured by these 
tests, is obtained in the high-nitrogen-bearing steels when heat- 
treated and water-quenched from elevated temperatures, 7.e., 1100- 
1150° C., and that poor results are invariably associated with steels 
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Fie. 3.—Effect of Quenching Temperature on Impact Value, 





of low nitrogen content. This is particularly marked in the case of 
the 23% chromium series, where it will be seen that alloys of low 
nitrogen content, with or without the addition of nickel, have 
impact values of 7 ft.lb. or less whatever their heat treatment. 

The introduction of 0-22% of nitrogen to the “ blank ’’ 23% 
chromium alloy causes the impact value to increase to about 45 
ft.lb. when the correct heat treatment is given. This figure is again 
considerably exceeded by the addition of a small quantity of nickel, 
values of 100 ft.lb. and over being reached. 

Similar results are obtained with the 25° chromium alloys, and 
to a lesser degree with those containing 28°%% of chromium. Alloys 
with 21% of chromium do not appear to respond to the influence of 
nitrogen as do the higher-chromium alloys. Figs. 3 to 6 show curves 
of the impact values plotted against the quenching temperatures for 
the four series of chromium contents mentioned above. 

In Fig. 9 will be seen the fractures of Hounsfield tensometer 
impact specimens in the 23% chromium series, tested after water- 
quenching from 1100° C. X408 (0-25% nitrogen, 1-1% nickel) is 
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unbroken but partly torn at the root of the notch. This specimen 
shows a very fine fibrous, almost silky, fracture. X406 (0-22% 
nitrogen, no nickel) has also a comparatively fine structure, while 
X405 (0-08% nitrogen, no nickel) and X407 (0-05% nitrogen, 
1:07% nickel) have coarse grain structures, particularly so in the 
case of the one containing nickel. 

Ingot X379 (21% chromium) was made with 0-66% of copper 
added, and X359 and X376 (25% chromium) contained 0-5% of 
aluminium and 1-:26% of copper, respectively. Impact tests on 
these alloys in the forged and heat-treated condition gave low 
results, and work on them was discontinued. 
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Fic, 6.—Effect of Quenching Temperature on Impact Value. 


Effect of Tempering on Impact Values.—Tempering treatments 
were then carried out on selected alloys of high nitrogen content 
that had given good impact values when water-quenched from the 
1100-1150° C. range. Various temperatures up to 800° C. were 
used, and from the impact figures (see Tables III. to VI.) it will be 
seen that the toughness of these materials remains unimpaired up to 
about 400° C. Above this temperature the impact value falls fairly 
rapidly with increasing temperature, and after tempering at 800° C. 
the specimens were quite brittle. 

Micro-examination of the specimens tempered at this tempera- 
ture showed the decomposition of austenite to martensite to be in 
an advanced stage. 
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(2) Tensile Tests. 

In Table VII. will be found the results of tensile tests on 3-in. 
dia. forged and heat-treated bars, together with a few tests on 4-in. 
dia. forged and heat-treated bars. 

Tests on the 3-in. dia. bars were carried out in the Hounsfield 
tensometer, and the larger specimens were tested in a 30-ton Avery 
machine. Attention is drawn to the reasonably good agreement 
obtained in the results given by the two testing machines. 

It will be seen that the steels having nitrogen contents of the 
order of one-hundredth of their chromium content have consider- 
ably better properties than those with low percentages of nitrogen. 
In particular their elongations and reductions of area are con- 
siderably higher. 

In the 23%, 25% and 27-28% chromium series, heat treatment 
from temperatures between 1100° and 1200° C. has, in general, 
produced improved ductility as compared with treatment at 900° C. 
The improvements in this respect, however, are not as spectacular 
as those reported for the impact tests in the previous section, but 
they follow along similar lines. The results for steels X408, X362 and 
X410 illustrate this point. 

The physical properties, after water-quenching from the higher 
temperatures, of the steels containing 23°/ and 25% of chromium, 
to which nitrogen and nickel have been added, compare favourably 
with the results normally obtained for the Staybrite class of chro- 
mium-nickel austenitic steels; for example, X408 water-quenched 
from 1125° C. has a tensile strength of approximately 50 tons per 
sq. in., with an elongation between 58 and 76% and a reduction of 
area between 58 and 66%. 

Some of the steels with low nitrogen contents have a tendency 
to be very brittle; examples of this are to be found in X409, X401 
and X405. It is interesting to observe that in these steels the worst 
results are obtained by water-quenching from the higher tempera- 
tures, since there is insufficient nitrogen present to inhibit grain 
growth. 

MICROSTRUCTURE. 

The microstructures of the alloys dealt with in this paper should 
be considered in conjunction with the Fe—Cr diagram (Fig. 1) and 
the sections through the Fe-Cr—C system (Fig. 2) which have been 
briefly discussed in an earlier section. 

Tables III. to VI. give brief details of the microstructures of many 
of the alloys. As many of the changes observed are common to 
23%, 25% and 28% chromium steels, the structures found in the 
23°, chromium steels will first be considered at some length. 


23% Chromium Steels. 


X408 is an alloy containing high nitrogen and 1% of nickel, 
which, as will have been seen in an earlier section, has given excel- 


-in. dia. Bar). 


TaBLE VII.—Effect of Heat Treatment on the Tensile Properties of Forged Material (3 


Hounsfield tensometer tests on v5 8q. in. specimens. 
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lent mechanical properties after suitable heat treatment. Fig. 10 
shows the structure after water-quenching from 1100° C.; it will 
be seen to consist of approximately equal quantities of two con- 
stituents, which are considered to be austenite and ferrite. At higher 
magnifications it was seen that one of the constituents contained 
twins, a typical characteristic of austenite; these twins were readily 
developed by suitable etching. 

The effect of treating this alloy at a lower temperature as re- 
commended by Franks“ is to produce a structure consisting 
mostly of ferrite with carbides, together with some austenite which 
is decomposing into martensite. This structure is illustrated in 
Fig. 12; attention is drawn to the carbide particles in the ferrite 
and to the needle-like form of the martensite in the austenite grains. 
The presence of austenite and martensite in this alloy after treat- 
ment at 900° C. may be due to its previous thermal history. The 
original forged bar was of small section and will have cooled suffi- 
ciently rapidly from 1150° C. to have retained some austenite at 
room temperature; subsequent annealing at 900° C. will have 
resulted in the decomposition of this phase and the development of 
the structure observed in Fig. 12. 

If this steel after water-quenching from 1100° C. (« + y) is then 
tempered at successively higher temperatures, the following changes 
are observed. After tempering at 400° C., no significant change 
was noticed, the structure still consisting of « and y crystals. On 
raising the tempering temperature to 600° C. a fine, almost sub- 
microscopic, constituent is precipitated in the « crystals, whilst the 
grain boundaries are coarsened. The structure after tempering 
at 800° C. is illustrated in Fig. 13; it will be seen that the precipi- 
tate in the ferrite has become a well defined shower, carbides are now 
detectable in the grain boundaries, and the austenite grains are 
breaking down with the formation of martensite. 

Comparing now the structures found in alloy X405 which contains 
no nickel and a low nitrogen content, after water-quenching from 
1100° C., the structure (see Fig. 14) consists mainly of very large 
ferrite grains with carbides out of solution, some being present as 
rounded globules, others as a fine shower; a few small crystals of 
what is believed to be austenite are also seen. It is interesting to 
observe that these also contain globular carbides. After quenching 
from 900° C. this alloy has the structure shown in Fig. 15; it will 
be seen that this consists entirely of ferrite and carbides. 

The structures found in X406 illustrate the effect of nitrogen 
alone in the absence of nickel. Here, again, water-quenching from 
1100° C. produces a duplex structure similar to that obtained in 
X408 after similar treatment. The grain size is again small. Water- 
quenching from 900° C. produces in this steel a structure consisting 
entirely of ferrite and carbides; this is shown in Fig. 16. ‘Temper- 
ing at temperatures up to 600° C. produces structures similar to 
those already described for X408. Tempering at 800° C., however, 
results in the structure illustrated in Fig. 17; it will be seen that in 
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Fic. 7.—Specimen X405.43 (Cr 235%, Ny 008%), W.Q. 1100° C, Etched. 
200 (reduced to four-fifths linear in reproduction), 








Fic. 9.—Broken Impact Specimens of 23°/, Chrcmium Steels, W.Q. 
1h? Cc, 0 . Centre: Ny 008%, Ni nil. 
Right: Ng 005%, } 01%. Bottom: Ng 025%, Ni 11%. 
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Fic. 10.—Specimen X408.4 3 (Cr 23°7%,) 5%, Fic. 11.—Specimen X 408,43 (Cr 23°79, Ng 0*25%, 
Ni 111%), W.Q. 1100° CC. Etched. x 200. Ni 1°11%), W.Q. 1lov° C. Etched. x 850. 
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Fic. 14.—Specimen X405.43 (Cr 235%, Ny Fic. 15.—Specimen X405.46 (Cr 23°5%, No 
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(Micrographs reduced to four-fifths linear in reproduction.) 
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Fic, 20.—Specimen X367.415 (Cr 25°2%, Ne Fic. 21.—Specimen X371.42 (Cr 21°7%, Ny, 
025%, Ni 0°61%), A.C. 1150°C. Etched. 0-20%), W.Q. 1100°C. Etched. x 200. 
x 850, 


(Figs. 18, 20 and 21 reduced to four-fifths linear in reproduction.) 
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this alloy austenite no longer persists as it does in X408, but that it 
has broken down to a eutectic type of structure similar to braunite 
or sorbitic pearlite. The grain boundaries are coarse and contain 
carbides. 

The effect of 1% of nickel and a low nitrogen content on this 
composition is found by examining the structural changes in X407. 
After water-quenching from 1100° C. the structure (Fig. 18) is very 
coarse and consists of large ferrite grains containing globular car- 
bides and a few small crystals of austenite. This structure is 
similar to that of X405 (the straight 23° chromium steel). Water- 
quenching from 900° C. again produces a. structure consisting of 
ferrite plus carbides, as exhibited in Fig. 15. 


Other Alloys. 


In general, the structures of the 25° and 28% chromium alloys 
follow closely the changes already described above for the 23% 
chromium series. A good example of the similarity of the structure 
can be obtained by comparing Figs. 13 and 19, which show the 
breakdown in 23% and 25% chromium steels containing nitrogen 
and nickel after tempering at 800° C. following water-quenching 
from 1125° and 1150° C., respectively. 

The quenching of alloys containing nitrogen contents of the order 
of one-hundredth of the chromium content from temperatures 
between 1100° and 1150° C. produces duplex ferrite-austenite struc- 
tures with a consistently fine grain size. It has, however, been 
found that some of these nitrogen-bearing alloys after air-cooling 
from this temperature range are brittle. The structures of these 
alloys under low magnifications appeared to be ferrite plus austenite, 
identical with those of the tough water-quenched alloys. Exami- 
nation at higher magnifications revealed the presence of a brittle 
inter-granular constituent, which took the form of membranes and 
occasional globules. The difference in the appearance of the grain 
boundaries of such tough and brittle alloys is illustrated in Figs. 11 
and 20. Fig. 11 shows the clean-cut boundaries of the tough steel, 
whilst the jagged coarsened boundaries, containing a constituent 
of the brittle steel, are shown in Fig. 20. 

The 21% chromium alloys containing nickel and nitrogen do 
not retain the plain duplex structure after quenching from high 
temperatures. Fig. 21 shows a structure obtained after quenching 
from 1100° C.; it will be seen that, instead of ferrite and austenite, 
ferrite and austeno-martensite are now present. 


General Remarks on the Microstructures. 
In general it has been found that plain duplex ferrite and 


austenite structures are obtained only when the following conditions 
are fulfilled : 


(1) The alloys are water-quenched from an elevated tem- 
perature within what is believed to be the duplex « + y field. 
1939—i K 
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(2) The alloys contain appreciable amounts of nitrogen of 
the order of one-hundredth of their chromium content. 
(3) The chromium content is over 22%. 


Nitrogen appears to have a similar action to carbon in that it 
makes available at a high temperature (depending on the chromium 
content) a duplex «+ ¥ field. Alloys containing insufficient 
nitrogen and carbon contents probably have no phase change 
between the solidus and room temperature. 

The effect of nitrogen in refining the grain size of these steels is 
most marked ; in all cases where the nitrogen content is low the grain 
size of the steel is large, and tends to coarsen still further after 
treatment at an elevated temperature. 

On tempering steels containing austenite and ferrite only, little 
change occurs up to 400° C., but between 400° and 800° C. breakdown 
of the austenite commences and carbides and/or nitrides are pre- 
cipitated in the « phase. 

It is also to be noted that the presence of nickel, in the alloys 
with high nitrogen contents, tends to stabilise the austenite and 
slow up its decomposition to martensite on tempering. 


X-Ray EXAMINATION. 

A 2-in. length of the 3-in. dia. bar from X362 (25% chromium, 
0-29% nitrogen, 1-1°% nickel) was forged to less than }-in. dia., and 
from this two small rods, 0-4 mm. in dia. x 12 mm. long, were made. 
These specimens were sealed up in small bombs of thin clear silica 
under } atm. pressure of argon and given the following heat treat- 
ments : 

Specimen 1.—Annealed 2 hr. at 1150° C. and slowly cooled in 12 hr, 


to room temperature, 
Specimen 2.—Annealed 2 hr. at 1150° C. and water-quenched, 


after which they were submitted to X-ray examination. 


Results of X-Ray Examinations. 
(1) 2 Hr. at 1150° C. and Slowly Cooled. 


(a) Consisted mostly of «-iron as unstrained crystals, giving 
very sharp reflections, with no detectable amount of y-iron 
present. 

(6) There were several weak reflections, most of which fitted 
a hexagonal unit cell with dimensions : 

a, = 2-725 A. (+0-01 A.). 

Cc, = 4-42 A. (+0-01 A.). 
This appears to be 8-chromium, which crystallises with a hexa- 
gonal close-packed lattice, the dimensions of which are given 
as: 





a ae ae 
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(The relative intensities are also correct for a hexagonal close- 
packed arrangement.) 

The occurrence of $-chromium in a slowly cooled specimen 
is interesting. It has previously been found only in electro- 
lytic deposits. 

(c) There are two very faint reflections not accounted for 
by either of the above phases. These have not been identified. 


(2) 2 Hr. at 1150° C. and Water-Quenched. 


(a) «-iron. Reflections not very sharp; therefore crystals 
either impure (i.e., varying in composition) or distorted. 
Estimated proportion of «-iron = 60%. 

(b) y-iron. The same remarks apply as in (a) above. 
Estimated proportion of y-iron = 40%. 

(c) The same two very faint reflections as in the slowly 
cooled sample were also found. 


These results agree with the results of the micro-examination of 
a similar alloy. 


MISCELLANEOUS EXPERIMENTS. 


Heat-Resistance Experiments. 


It was felt that some distinction between the high- and low- 
nitrogen alloys with regard to their resistance to scaling at high 
temperatures might be obtained. In consequence, tests were 
carried out on several of the alloys at temperatures of about 1100° C. 
for 3- and 7-day periods. 

There is evidence, from the data obtained in these tests, that the 
nitrogen alloys are equally as resistant to heat as those of low 
nitrogen content when treated at about 1100°C. Itis probable that 
long-time tests at elevated temperatures would show more conclu- 
sively any differences that may exist in the heat-resisting properties 
of these materials. 


Effect of Prolonged Heat Treatment on Grain Size. 


The specimens used in the heat-resistance experiments were then 
broken across. In every case those of high nitrogen content showed 
little or no grain growth, while those of low nitrogen and low nitro- 
gen-plus-nickel contents had coarsened considerably. Figs. 22 and 
23 illustrate the effect on alloys of the 23% chromium series after 
holding them at 1100° C. for 3 and 7 days. It is interesting to note 
that X408 (0-25% nitrogen, 1-1% nickel) bent, in both cases, to 
more than 90° before fracture occurred, and that X407 (0-05% 
nitrogen, 1-07°% nickel) was very brittle indeed with an extremely 
coarse grain size. These fractures should be compared with those 
in Fig. 12, which shows the fractures of the same alloys after 2 hr. 
treatment at approximately the same temperature. 
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It is a reasonable deduction to draw from the fracture tests that 
the addition of nitrogen has a powerful action in inhibiting grain 
growth at elevated temperatures, and that 23-28% chromium 
steels containing nitrogen contents of the order of one-hundredth 
of the chromium content, together with a small percentage of nickel, 
retain their toughness even after exposure at 1100° C. for 7 days. 


Corrosion Experiments. 

A preliminary test on the corrosion-resistance of 25° chromium 
steels containing nitrogen was carried out, the corroding medium 
chosen being a boiling 25% solution of commercial ammonium 
chloride. 

This test was designed to compare the resistance to corrosion 
of the materials after different heat treatments, namely, (a) 2 hr. 
at 1125° C. and water-quenched, and (6) 8 hr. at 875° C. and water- 
quenched. 

The following 25% chromium steels were selected for test : 
X357 (0-11% nitrogen, no nickel) and X368 (0-24% nitrogen, 1-1%, 
nickel). A specimen of Staybrite-type steel, in the condition as 
water-quenched from 1100° C., was also included as a check. 

The results of these tests are to be found in Table VIII. It will 
be seen that both the chromium steels in the condition as water- 
quenched from 1125° C. compare favourably with Staybrite. X368, 
containing 1% of nickel and high nitrogen, was slightly better than 
X357. 

As heat-treated at 875° C., the corrosion-resistance of these 
steels is considerably impaired, this being particularly marked in 
the case of the steel of lower nitrogen content. 

A few preliminary experiments were also carried out in boiling 
25% nitric acid. These indicated that the corrosion-resistance in 
this medium of the 25% chromium steel containing nitrogen and 
nickel was at least as good as that of Staybrite. 


Machinability and Fabrication. 


During the preparation of the many specimens for the mechan- 
ical tests used in the investigation it was consistently noticed that 
the high-nitrogen-bearing steels were easily machinable, long free- 
cutting turnings being an invariable characteristic. 

Fig. 24 illustrates the general ductility and machinability of 
25% chromium steels with the addition of nitrogen. In the lower 
part of the photograph will be seen a length of rolled strip, approxi- 
mately 0-25 in. wide x 0-006 in. in thickness, that was made from 
t-in. plate of forged 25% chromium high-nitrogen steel, water- 
quenched from 1150° C. Rolling was carried out in a small hand- 
operated mill, the material being re-annealed at 1150° C. three times 
during the process. The finished strip showed no signs of cracking 
or shearing, and the edges were perfectly clean; reduction below 








Thi aman Cena 





a 
oD 
or) 
— 


HEAT TREATMENT ON HIGH-CHROMIUM STEELS. 


*z9a0 Pe Sunyd 
343] peseues puv pus 
aU 38 BAB PepolI0H 
‘ajoq.«Ssspunoz §=3u3 
-3d jeoo'T “qqS11q 
ueumoeds jo so8jIng 

*sjyid Aur Jo 
zequnyN ‘aoy punos 
Sunqyd 3WSTS “ueuT 
-1oeds Jo pua suo 48 
SvaIe pepoli0d [[eUg 
“ayy ysture} uM0lg 
44511 Ya pesea0p 





| 
| “peyovijvun pus 
| gq31aq eymb sovjins 
| aay SaOIe “pous 
-¥ovlq pue peusysno1 
‘svare pewid A] 
| -deap zemseri1 a8re7] 
*pepor10o S\deeq 
*Burqieys syd Teus 
ei9q} pue e7eq YI 
| ‘peueqgnoz Aq 31s8 
| pue 3qS11q so"jIMs Jo 
| gepuTeuey “pamms00 
| Seq  UoOTsolI09 «sno 
“1198 O70 S¥aIE OMT, 


‘syid Aut} Azea sno 
-J2UINU YA paleao0d 
soBjins *9j0q uOIS 
-uedsns punol ped 


£090-0 


¥es0-0 





| 


ee10-0 





| *SYIVUIS YY 
| 
| 


“tinuue 
aed 
“HT 
“Ss0’[ 


$96-T 


0 


L¥62-0 


“Iq FS 
zed 
‘abs 
aad *4 








ITZ0-0  00€0-RZ | TI¢O-8S 


“IT 91q8 7, aae ‘stsfyeue oap]m00 10g » 





OM 
9190-0 | LEOT-LIT | SSLT-LT | FES-ZT | OFOT | “O 28 “mM 8g (Z) 


| ‘OM 
) | OBB9I-LT | 9OS9-2ZT | TIFT | OFOT | “O oSsIL “mG zs (D 
—ieq pesioj “vip “Ul-F -FZ-0 | SI-T | IT-O | Bes 





; OM 
"oO G28 ‘Ty 8g (Z) 


LI¥S-O | OSLO-IL | LOTE-IT | FEE-6 | OFOT 


= “OM 
O86F-6 §F8ZS-6 | S9FS | ~OFOT | “OD -SZIT “4 @ (D 
—a¥q pesioy “vip “ul-¥ | I1-0 | TIN | ST-0 | 0-¢% 


‘O O0OIT ‘OM 
¢-9T | OFOT | ‘7eq pesioy “wip vat-$) ** | ¢T-g | Zt-0 | 0-6T 























*ssoT | ‘Teurq | ‘Temray |-wo-bs *% *% *% 
‘eaIy | JH |. “IN ué) is) 
aovy | ‘OUITT, | JUSUIICIIT, WOT a 
° . -ims | 
D "343A *sts{peuy 


%EU-1 
%¥s-0 
UA =» [9938 
umrmmomys %¢z 





“*N %IT-0 
qa 19938 
uinmmo1y9 %ez 


*]9038 


ad f4-a311qfey¢ | 


*TRL8 BIT 





“UuoYNnIOY apr1ozyO 


wniuowmp buyog %¢cZ ut sysaz, uoisossog fo synsayy— ITA 


GIaviL 


s9ex 


09¢X 


ON 
yosuy 











134 P COLBECK AND GARNER: EFFECT OF NITROGEN AND 


0-006 in. in thickness was impossible, owing to the limitations of 
the rolling mill. There were indications, however, that this material 
may be successfully reduced to very thin sheet or strip, and that a 
considerable amount of cold-work may be given after the initial 
grains have been broken down. 

Fig. 24 also shows lathe turnings of the same material. As 
regards machinability, the high-nitrogen steels show a marked 
improvement over the coarse-grained low-nitrogen steels, both in 
cutting speed and in finish. This characteristic of the high-nitrogen 
steels is of considerable value, particularly in the fabrication of small 
machined parts—the cutting of screw threads and similar operations. 


CONCLUSIONS. 


The present work confirms Franks’ findings that the addition of 
nitrogen to high-chromium steels has a marked effect in refining 
their naturally coarse grain size. A number of other important 
discoveries have been made which were not brought out by the 
original work; these will now be detailed briefly. 

(1) A method has been evolved for introducing nitrogen into 
steels containing 21 to 28% of chromium. This consists of pre- 
paring a nitrogen-rich “temper” alloy of iron and chromium. 
Commercially carbon-free 70% ferro-chromium is treated at a 
temperature of 1300-1400° C. in an atmosphere of nitrogen, the 
nitrogenised alloy being subsequently melted to homogenise the 
distribution of nitrogen. This nitrogen-rich ferro-chromium was 
used to prepare the desired steel by mixing it with Armco iron, mild 
steel and, if necessary, untreated ferro-chromium, and melting in 
the normal manner in the H.F. furnace. 

(2) It has been found that unless care is taken to keep the 
nitrogen content of the final steel ingot down to a figure of the order 
of one-hundredth of the chromium content, unsound gassy ingots 
are produced. 

(3) In order to develop the best mechanical properties in these 
nitrogen-bearing steels, it is essential to water-quench the material 
from an elevated temperature between 1100° and 1200° C. This 
treatment results in a great improvement in the impact value or 
toughness of the steels. The treatment proposed by Franks, 
namely, heat-treatment at 900° C., does not produce the desired 
result; this is clearly brought out by the results of a large number 
of tests. Heat treatment from the high temperature also improves 
the ductility of these steels as measured by the ordinary tensile test. 

(4) The best results have been obtained with steels containing 
between 22-5 and 28% of chromium, in which the nitrogen content 
is approximately one-hundredth of the chromium content and 
nickel is present in amounts of the order of 3-14%. 

(5) Thereason for the improved results obtained by water-quench- 
ing from 1100-1200° C. is thought to be due to the presence of an 
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«a + y phase field at this temperature. Quenching from within 
these temperatures produces a duplex structure of ferrite and 
austenite. In steels containing low percentages of nitrogen little 
or no austenite is formed, as their composition is within the « (8) 
field; such steels, having no phase change, cannot be refined by 
heat treatment. 

These conclusions are supported by the results of the examination 
of the microstructures of the alloys investigated in the course of 
the research, and also by X-ray tests which have been made. 

(6) Indications have been obtained in preliminary tests that the 
corrosion-resistance of these high-chromium steels in the correct 
condition is equivalent to that of Staybrite in boiling 25%, nitric 
acid and is better than Staybrite in ammonium chloride solutions. 

(7) The machinability of these high-chromium steels is greatly 
improved by the presence of nitrogen when they are in the correctly 
heat-treated condition. It has also been found possible to make 
thin strip by cold-rolling such steels, a further proof of their excellent 
ductility. 

(8) The presence of nitrogen does not affect the heat-resistance 
of these high-chromium steels adversely. It does, however, inhibit 
grain growth at elevated temperatures. 
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CORRESPONDENCE. 
(Figs. A and B = Plate V a.) 


Professor A. PoRTEVIN (Paris) wrote that the authors had had 
two good reasons to study, in this important paper, the influence of 
nitrogen and heat treatment on high-chromium steels : 


(1) High-chromium steels absorbed nitrogen easily. 

(2) In ferritic chromium steels nitrogen played the same part 
as carbon from the point of view of the quenching ability, 
while at the same time being a grain-refining reagent. 


The writer had had occasion to observe and study these effects, 
both in ordinary structural steels and in arc welds made in them, 
and in the following he would summarise the results obtained, to 
verify or complete the observations made by the authors in their 


study. 
(1) Effects of Nitrogen in Ordinary Structural Steels. 


The easy absorption of nitrogen by high-chromium steels was 
demonstrated by the fact that such steels, containing 30% of 
chromium, prepared by simple melting in a high-frequency furnace 
contained amounts of the order of 0-15°% of nitrogen. Now, that 
0:15% of nitrogen, often neglected in routine analyses, was more 
important than the 0-05-0-1% of carbon that was carefully esti- 
mated, the effect of nitrogen on the quenching ability being equal 
to that of carbon. A few results were recorded in Table A. 

















TABLE A. 
; . . Reheated at 825° O. afte 
2 W.Q. from 1000-1100° ©. ae 
g Pe 

8 - & $ 'gs8 S38 Brinell Mesnager Im- Brinell Mesnager Im- 
6) %, i) = Number. *" om. ‘ Number. en, F 
0-035 | 0-02 | 16-9 | 0-02 200 0-5 110 20 
0-2 0:02 | 17 0-03 320 0-6 150 12 
0-06 0-2 17-4 | 0-03 330 0:3 150 13:6 
0-2 0-2 17-4 | 0-01 440 0-4 175 7-5 
0:3 0-25 | 17-4 | 0-01 481 0:3 180 10 
































From these results it could be seen that, in high-chromium steels, 
carbon and nitrogen played the same part from the viewpoint 
of quenching ability. It was possible to make the following 
statements : 

(a) Reheating the quenched samples caused coalescence to 
take place very easily and extremely rapidly. 
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(b) The fineness of the grain of the fracture did not seem to 
be an essential condition for high impact strength; in fact, of 
the first two specimens in Table A, although their impact 
resistances were of the same order both in the quenched and in 
the quenched and reheated conditions, the first possessed a 
coarse-grained fracture in the quenched and in the reheated 
states and the second a fine-grained fracture in the same 
two conditions. 

(c) It might be remarked that the last two steels in the 
Table, containing much nitrogen, were self-quenching when 
cooled at a moderate rate, such as the spontaneous: cooling 
occurring during the differential dilatometric determination. 

(d) It should be noted that these high-chromium steels 
contained relatively large quantities of total oxygen. 


(2) The Part Played by Nitrogen in the Welding of Ferritic Chromium 
Steels. 


In the welding of chromium ferrites, as in the fabrication of this 
class of steel by founding, one encountered a difficulty arising from 
the fact that the very coarse as-melted (as-cast) structure could not 
be refined by heat treatment. The refinement of the grain was 
therefore an important factor in the weldability of these steels. 

To achieve that grain refinement, the writer, in collaboration 
with Mr. Séférian,! took advantage of the controllable absorption 
of nitrogen in the arc weld and of the refinement of the grain and the 
increased quenching ability which resulted from it, as was shown by 
the following results obtained in the study made of this subject : 

With a ferritic 28° chromium steel (carbon 0-12%), it was 
shown that that absorption could amount to as much as 0: 52% of 
nitrogen; nevertheless, it was easy to control the amount. of 
nitrogen introduced into the weld by adjusting the thickness of the 


coating on the electrode, thus : 
Nitrogen. 
% 


Type of Electrode. S’/S.* 
Thickly coated 0-25 0-17 
Thinly coated 0-08 0-26 
Uncoated 0 0-52 


; S’ = Section of coating. 


~— 


* S = Section of core (28% chromium steel 


It should be noted that melting in the oxy-acetylene blow-pipe 
could “ fix ” not more than 0-12% of nitrogen. 

On a series of specimens prepared in this way, the writer and his 
colleague had been able to observe that the grain of the fracture 
became more refined as the nitrogen content increased and inversely 
the brittleness diminished. 

From the point of view of the structure, the as-melted specimens 
containing up to 0-26% of nitrogen revealed two constituents, of 


1 A. Portevin and D. Séférian, Revue de Métallurgie, Mémoires, 1936, vol. 
33, p. 705; 1937, vol. 34, p. 225. 


s 
f 


PLaTE VA. 


FERRITIC CHROMIUM STEEL (CHROMIUM 28%, CARBON 0-12%). 





Fic. A.—Steel with 0°26, of nitrogen, quenched from 950°C. White 
portion, ferrite plus aggcegate produced by the decomposition of the 
chromium nitro-austenite. Etched with acid ferric chloride. x 1200. 





Fic. B.—-Steel with 0°52 of nitrogen. White portion, ferrite plus etched 
second phase, which is probably chromium nitro-austenite. Etched 
with acid ferric chloride. 1200, 

(See Portevin’s contribution.) 
[Correspondence on Colbeck and Garner. 
To face p. 138. P. 
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which one was easily stained by the etching reagents used (aqua 
regia; acid ferric chloride); the stained constituent was of the 
sorbitic type. 

The specimen with 0-52% of nitrogen contained only one solid 
solution, «; nevertheless, at higher magnifications (1500-2000 
diameters) a second phase appeared in the form of a fine border, 
forming the boundary of the grain; it might be presumed, from the 
writer’s tests, that this phase corresponded to the appearance of y. 


Heat Treatment. 


Prolonged annealing for 4 hr. at 950° C. caused the precipitation 
of a coalesced constituent, slightly stained pink by Honda and 
Murakami’s reagent (potassium ferricyanide). Under the same 
annealing conditions the proportion of coalesced precipitate increased 
with the nitrogen content of the sample; it was thought that this 
constituent was a nitride or a cyanonitride of chromium. 

Quenching in water from 1000° C. had no noticeable effect what- 
ever on the refinement of the grain in samples with low nitrogen 
contents (0-12 and 0-17%). 

In specimens containing 0-26% of nitrogen, water-quenching 
from 950° C. caused the appearance of two constituents, of which 
one, troosto-martensitic in type, was stained by the reagents used 
(Fig. A). 

In another specimen of much the same composition (nitrogen 
0:30%), quenching from 1200° C. produced the y phase to which 
the name chromium nitro-austenite was given. The quenching 
ability of the 0-52% nitrogen specimen was much superior; the 
a-> y transformation took place on quenching from 950° C. (Fig. B). 

The writer and his colleague were led to conclude, with the 
authors of the present paper and Russell Franks, that ferritic 
chromium steel became clearly susceptible to the «> y transforma- 
tion when the nitrogen content amounted to one-hundredth of the 
chromium content of the steel, and this both for specimens prepared 
from nitrogenised ferro-chromium and for those obtained by the 
Foto absorption of nitrogen during melting, notably fusion under 
the are. 

Similarly, the mechanical properties—the hardness, for example— 
were not much modified by heat treatment in specimens in which 
the nitrogen content was low (0-12 and 0-17%) in relation to the 
chromium content (28%). 

The influence of heat treatment (quenching) appeared in speci- 
mens in which the nitrogen/chromium ratio was equal to or greater 
than 1/100. Thus: 


A specimen containing 28% of chromium and 0-45% of nitrogen— 
quenched from 850° C. gave a Brinell hardness of 170. 
9 9 1000° C, 9° ”> > 9? 187. 
” » 1200°C. ,, os Pat »» 270. 
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Summarising, the absorption of nitrogen by ferritic chromium 
steels during fusion under the electric arc rendered the alloys 
susceptible to the austenite transformation, and consequently led 
to the refinement of the grain by quenching or by cooling rapidly 
from the molten condition (welding). It was necessary, neverthe- 
less, that the quantity of nitrogen introduced should amount to at 
least one-hundredth of the chromium content (N/Cr > 1/100)— 
which was easily managed in welding by adjusting the thickness of 
the electrode coating. 

When the nitrogen content exceeded the theoretical proportion, 
the quenching ability increased rapidly and the critical temperature 
decreased (950° instead of 1200° C.). 

In conclusion, one could say, in a sense, that nitrogen was the 
“carbon ” of the chromium ferrites. 


Dr. Frank Apcook (Teddington) wrote that in his early attempts 
to prepare iron-chromium alloys on quite a small scale he had in- 
advertently produced alloys containing a good deal of nitrogen. It 
gave him great pleasure to see how successful the authors had been 
in their important investigation which had a direct commercial 
application. They had shown how the nitrogen (originally the 
unwanted intruder) could be harnessed and usefully employed in 
preventing brittleness in high-chromium steels. 

There was, however, one matter about which he felt bound to 
protest. The authors quite correctly quoted from Krivobok’s 
1938 Campbell Memorial Lecture the following statement : 


“* Nitrogen, when present, acts much in the same manner as 
carbon, conferring upon alloys the ability to harden and 
generally alter their physical properties.” 


It should be made clear that Krivobok was only repeating what 
had already been done and indeed published as a short paper by the 
National Physical Laboratory as far back as 1926.1 The writer 
believed that the authors would agree with him on the point which 
had become of some importance, largely as the result of their 
research. 


Mr. RussELL Franks (Niagara Falls, N.Y., U.S.A.) wrote that 
it had been a pleasure to review this paper by Mr. Colbeck and Mr. 
Garner in which they ably described the results of experiments 
involving the addition of nitrogen to high-chromium steels, and it was 
gratifying to learn that their data confirmed those secured in America 
in both experimental work and in the industrial utilisation of the 
high-nitrogen chromium steels. They presented data on the effect 
of high-temperature heat treatment on the toughness of high- 
nitrogen 25°4 chromium steels containing small percentages of 


1 F, Adcock, ‘“‘ The Effect of Nitrogen in Chromium and Some Iron- 
Chromium Alloys,” Journal of the Iron and Steel Institute, 1926, No. II., p. 117. 
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nickel; he also had found that a high-temperature quench 
improved the toughness of these steels, and such treatment was 
recommended to the American industry by the Electro Metallurgical 
Company in a bulletin entitled “ Physical Properties of High- 
Nitrogen Chromium, and Chromium-Nickel Steels, and Columbium- 
Bearing Chromium-Nickel Steels.”” That bulletin was copyrighted 
in 1936, and from it were quoted the following data : 


Chromium. % . x : ; : 25-00 25-00 
Carbon. % : : ‘ ‘ , 0-17 0-18 
Nitrogen. % ; . P 2 ‘ 0-04 0-15 
Nickel. % 2 ‘ . : : 2-00 2-00 
Heated at 1050° C. Shr. 
Condition of Metal. and water-quenched, 
Yield point. Lb. per sq. in. ; : . 71,500 76,500 
Max. stress. Lb. per sq. in. : ‘ - 96,500 113,000 
Elongation on2in. % . ‘ : ‘ 30 44 
Reduction of area. % ‘ . ‘ ‘ 48:1 62-8 
Izod impact value, Ft.-Ib. : : é 6 107 


Brinell hardness 192 196 


These data showed that the wrought 25% chromium steel 
containing 0-15°% of nitrogen and 2% of nickel had extremely high 
toughness after quenching from 1050° C. It was with pleasure that 
he submitted these data to confirm those obtained by the authors, 
and he remarked that similar results were obtained by quenching 
from 1150° C. 

He offered the following further data obtained prior to the 
publication of the previously mentioned bulletin by the Electro 
Metallurgical Company in 1936. These concerned the improvement 
in toughness obtained by heat-treating wrought high-nitrogen 22°% 
chromium steels at temperatures in excess of 1000° C. : 


Chromium. % . ‘ . 22-00 22-00 22-00 22-00 
Carbon. % : . ; 0-14 0-15 0-12 0-15 
Nitrogen. % , ‘ : 0-04 0-10 0-15 0-20 
Nickel. % . . ‘ 1-00 1-00 1-00 1-00 
Condition of Metal. Quenched from 1050° 0, 
Yield point. Lb. per sq. in. - 65,000 68,000 60,000 65,000 
Max. stress. Lb. per sq. in. - 92,500 129,000 110,000 117,500 
Elongation on 2in. % . ‘ 25 36 42 46 
Reduction of area. % y i 39 44 49 52 
Izod impact value. Ft.-lb. . , 6 48 82 119 
Brinell hardness . ‘ ; ‘ 170 202 202 202 


These figures again showed the marked improvement obtained 
by adding nitrogen to high-chromium steels. He called attention 
to the fact that when the nickel content was lowered to 1° some- 
what more nitrogen was required to secure optimum ductility and 
toughness, which would be suspected in view of the comparative 
austenite-forming tendencies of nitrogen and nickel. 

He wondered why the authors had to spend so much effort in 
obtaining the high-nitrogen chromium-bearing master alloy required 
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in their work, and stated that the data submitted above were 
secured by using a high-nitrogen ferro-chromium containing about 
70% of chromium and 0-70% of nitrogen, which had been a regular 
article of commerce for quite some time, and had also been available 
for commercial consumption in England for the past several years. 

In closing. Mr. Franks stated that Mr. Colbeck and Mr. Garner 
should be highly commended for the work they had done on the 
high-nitrogen chromium-bearing steels. They had painstakingly 
checked the effect of nitrogen on properties other than physical— 
namely, resistance to oxidation and corrosion—and it was clear that 
the latter properties remained substantially unaltered, a result also 
confirmed in America. 


Dr. F. Pozsokit (Pilsen, Bohemia) wrote that the authors stated 
that an addition of titanium of 1% to the melts containing approxi- 
mately 25% of chromium and 0-15% of carbon did not manifest 
itself in a refinement of the grain of the ingots. 

According to the work of Comstock ! the influence of a titanium 
addition appeared favourably only in connection with the addition 
of nitrogen to the steels of the given composition. 

On the other hand, in the heat-resisting chromium cast irons 
containing 0-4-1-0°% of carbon, 21-28% of chromium and 1-2% of 
silicon the addition of titanium had a great influence on the size and 
character of the primary grain. 


TABLE B. 





Chemical Composition. 























_ ; * re * ie aT Microstructure. | 
%.:] %. %: | % | 
#275 | 0-85 | 1-79 | 25-75 | ... |... | 325,000 | Eutectic carbide be- | 
tween well-devel- | 
oped dendrites of | 
primary a crystals. 
E277 | 0-71 | 1:22 | 25°51 | 0-37 ae 2,940 | Eutectic carbide en- 
closing primary a 

crystals. 


E278 | 0-58 | 1:25 | 25-51 | 0-26 | 0-08 3,570 | Eutectic carbide en- 
closing or sur- 
rounding primary 
a crystals. 

E279 | 0-64 | 1-15 | 24-95 ps 0-29 | 650,000 | Eutectic carbide be- 
tween well-devel- 
oped dendrites of 


primary a crystals. | 
































The writer would quote here some results given in his paper with 
E. Valenta.2, The melts indicated in Table B were made in a basic 

1 G. F. Comstock, Metal Progress, 1938, vol. 33, Mar., p. 269. 

2 KE. Valenta and F. Poboftil, International Foundry Congress in Brussels, 
1935, Memoir No. 20. 
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electric furnace of 250 kg. capacity. The ingots had a medium 
diameter of 80 mm. and were 370 mm. high (with sink-head). Their 
weight was 13-5 kg. 

The grain size and the microstructure were determined on a radial 
specimen of the transverse disc cut from the body of the ingot in the 
middle of the height. 








Ferrite and grains of troo- 
stite. Eutectic carbide 
very fine. 


| 21:37 | 0-08 | 0-76 


_ 
o 
bo 


H1839 | 0-42 


TABLE C. 
| Chemical Composition. | 
2 een : 
Mi ] Microstructure, 
| No. C. si. | Cr. ni, | Samm. | 
} ° ° o/ ty) 
| | so | /o° sor /o* | 
H1827| 0:59 | 1-09 | 23-06 | ... | 11-40 | Ferrite and grains of troo- 
stite. Eutectic carbide 
| moderately fine. 
| 





H1842 | 0-63 | 1-21 | 22-95 | 0-15 0-41 | Ferrite. Eutectic car- 
bide very fine. 
| H1843 | 0-89 | 1-85 | 28-34 


| carbide. 
H1845 | 1-04 | 1-96 | 27-49 | 0-06 | 0-41 | Ferrite and eutectic car- 
| | bide. 





9-10 | Ferrite and fine eutectic 























The melts indicated in Table C were made in an electric resistance 
furnace of 20 kg. capacity. The ingots had the same dimensions as 
those in Table B and were also examined in the same manner. 

From these Tables it was evident that : 


(1) Even small additions of titanium to the chromium cast 
irons of the given composition caused a very substantial 
refinement of the primary grain. 

(2) The additions of titanium suppressed the dendritic 
crystallisation. 

(3) The additions of titanium limited the existence of the 

phase (as was indicated by a comparison of the microstructures 
of melts H1827 and H1842). 


The fracture tests had shown that the small additions of titanium 
had also completely suppressed the formation of columnar crystals 
under the surface of the ingots. 

The authors mentioned, further, the influence of silicon on the 
suppression of the existence of the y phase in the chromium steels ; 
they estimated this influence to be so strong as to compensate for the 
influence of the present nitrogen. 

The influence of silicon on the constitution of chromium steels and 
cast irons was quantitatively determined in the writer’s work with 
E. Valenta.1 According to later publications on the ternary 


1 E. Valenta and F. Pobofil, Twelfth Congress of Industrial Chemistry, 
1938, 
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Fe-C-Cr system! he had made some changes in their diagrams.” 
Their results were in perfect agreement with the estimation of the 
authors and with the microstructures of the melts containing 
neither nitrogen nor nickel. 

The additive influence of nitrogen and nickel on the constitution 
of chromium steels was very strikingly evident from Figs. 4 to 6 
in the authors’ paper. According to the curves given in those 
diagrams the temperatures of the increase of the impact values were 
as noted in Table D. In Fig. 3 (21° chromium series) a distinct 














TABLE D. 
Chromium series : 23%. | 25%. | 27-28%. | 
Nitrogen. Nickel. 
%. %. Temperature of Increase of the Impact 
Approximately. Values. °O. 

0-08 7” m 
0-08 1 1050 | ich 
0-28 see 1000 1100 ash 
0-28 1 900 1000 1100 














point of upward inflection of the impact values could not be observed ; 
evidently at this content of chromium the austenite was not 
sufficiently stabilised by the addition of nitrogen and nickel. 

In the series with higher chromium contents the temperature of 
increase of the impact values probably corresponded approximately 
to the entrance into the region of co-existence of the « and y phases ; 
this was confirmed by the lowering of this temperature with in- 
creasing contents of nitrogen and nickel, and by the raising of this 
temperature with increasing content of chromium. 

The shape of the curves for the steels with 25% of chromium 
(Fig. 5) was interesting. The branches of the curves at temperatures 
below the point where the impact values rose evidently corresponded 
to the progressive decomposition of the remaining austenite with the 
raising of the tempering temperature. 

By comparing this series with others it seemed that at this 
chromium content the austenite was relatively strongly stabilised 
by the addition of nitrogen and nickel. 





AUTHORS’ REPLY. 


The Autuors, in reply, thanked Professor Portevin for his very 
interesting communication. They considered that his final con- 


1 W. Tofaute, C. Kiittner and A. Biittinghaus, Archiv fiir das Eisenhittten- 
wesen, 1936, vol. 9, p. 607. 
2 F. Pobofil, Metal Progress, 1936, vol. 30, Dec., p. 56. 
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clusion was most apposite where he referred to nitrogen as the 
“carbon” of the chromium ferrites. The authors’ experiments 
had shown that nitrogen had a very similar effect to carbon in 
providing the alloys with an austenite phase at elevated temperature, 
but in addition it produced marked grain refinement in the forged 
alloys. 

The suggestion that a coarse grain size was not associated with a 
low impact value was contrary to the authors’ own observations. 

With regard to the welding experiments which had been carried 
out by Professor Portevin and Mr. Séférian it would be interesting 
to know whether the high nitrogen content in the deposited metal, 
obtained when uncoated electrodes were used, was associated with 
an unsound weld. It would be anticipated from the authors’ work 
that the thinly coated electrode which gave a nitrogen figure of 
0:26% when welding a 28°, chromium steel would give the best 
results. 

The absence of any marked change in mechanical properties in 
heat-treated specimens of 28°, chromium content containing 
nitrogen of the order of 0-15°% was to be expected, since it was im- 
probable that there was any phase change between room temperature 
and the melting point of such alloys, particularly if the carbon con- 
tent was very low. 

The authors were grateful to Dr. Adcock for drawing their 
attention to his early work on the effect of nitrogen in chromium- 
iron alloys. They would like to make it clear that, so far as they 
were aware, his paper was the first in which the observation was 
made that nitrogen conferred on these alloys the ability to harden 
and alter their physical properties. 

Mr. Russell Franks’ contribution to the correspondence was much 
appreciated. The result he had quoted for a 25% chromium steel 
containing 2° of nickel illustrated that the strong austenite-forming 
properties of nickel, when associated with a high nitrogen content, 
conferred great toughness on the alloys. In the authors’ opinion 
the toughness of these alloys depended to some extent on the 
quantity of the y phase which it was possible to obtain after quench- 
ing from an elevated temperature. It would be expected that alloys 
containing 2°, of nickel would have a rather greater amount of the 
y phase present than those containing 1% of nickel. This probably 
explained the very high impact value reported by Mr. Franks for 
the second of his two 25% chromium steels. 

The effect of gradually increasing the nitrogen content in 22% 
chromium steels containing 1% of nickel was well brought out in 
the second set of four steels referred to. 

With regard to the high-nitrogen ferro-chromium the authors 
had not used this in their investigation for two very good reasons : 


(1) The work had been started in 1935, when this material 
was not readily available. 
1939—i L 
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(2) In work of this kind it was very necessary not to change 
any more variables than was unavoidable. 


The authors, therefore, decided to use ferro-chromium from one 
source of supply and to nitrogenise this themselves. By this pro- 
cedure there was some assurance that the effects observed were not 
due to small differences in minor elements in two different batches 
of ferro-chromium. 

The authors were grateful to Dr. Pobofil for his interesting com- 
munication on the effect of additions of titanium to heat-resisting 
chromium cast irons. It was clear from the data in Tables B and C 
that in these higher-carbon alloys the addition of titanium had a 
marked influence on the grain size. The authors would anticipate 
that these alloys would pick up considerable quantities of nitrogen 
during melting in the electric furnace, and it would be most interest- 
ing to know whether there were any material differences between 
the nitrogen content of the plain chromium alloys and those contain- 
ing titanium. 

The authors agreed with Dr. Pobofil that the temperature at 
which the first increase in the impact value was found after quench- 
ing probably corresponded with the entrance into a phase field con- 
taining both the « and y phases. 
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THE INTERPRETATION OF THERMAL 
CURVES AND SOME APPLICATIONS TO 
FERROUS ALLOYS.! 


By T. F. RUSSELL (SHErrretp). 


SYNOPSIS. 


For a theoretical study of the qualitative and quantitative inter- 
pretation of thermal curves, it was first assumed that the heat- 
content/temperature curve was known. Three simple types of 
reaction are considered: A phase change taking place at constant 
temperature, a phase change taking place over a range of temperature, 
and a simple hypo- or hyper-eutectoid type of reaction. 

Time-temperature and inverse-rate curves are deduced for cooling 
under each of two conditions: Cooling in surroundings at constant 
temperature, and cooling in a furnace which is itself cooling linearly 
with time. 

It is shown that a ‘‘ peak ’’ on an inverse-rate curve may be due 
to either an abrupt increase in specific heat or an evolution of heat at 
constant temperature. In the first case the relative size of the peak 
is independent of the rate of cooling; in the latter case the relative 
size of the peak varies appreciably with the rate of cooling, becoming 
smaller as the rate of cooling becomes slower. A decrease in specific 
heat gives a peak in the opposite direction, but in practical curves 
this may be mistaken for a peak indicating an increase in specific heat. 
The theoretical deductions are then applied to a number of inverse- 
rate curves obtained on a nickel-chromium steel. 

Some theoretical heat-content/temperature curves for iron-carbon 
alloys have been drawn, using the best available numerical values of 
the heat evolved during the y— achange and the y->a + Fe,C 
eutectoid change. 





THE determination of thermal curves, time-temperature curves, 
inverse-rate curves or difference curves has been one of the most 
valuable methods of metallurgical research since the invention of the 
suspended-coil galvanometer by D’Arsonval in 1882. 

The general or qualitative interpretation of these curves does 
not present much difficulty so long as the alloy system under in- 
vestigation is a relatively simple one in which equilibrium is attained 
fairly readily, but, even in work on these systems, the author does 
not know of any serious attempt having been made to interpret 
the thermal curves quantitatively. Most workers are content to 
note the temperatures of discontinuities on the time-temperature 
curves, or peak temperatures on inverse-rate curves, and to accept 
general—and usually meaningless—statements such as “‘ the in- 
tensity of a change is proportional to the time taken for that change 


1 Received February 9, 1939. 
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to take place ”’ or “ the rate of evolution of heat is proportional to 
the distance of the inverse-rate curve from the datum line,’ or 
similar statements equally erroneous. 

When the system under investigation is a complex one, even the 
qualitative significance of thermal curves is much more difficult to 
determine. ‘The basic reason for this is that at present so little 
is known of the thermodynamics of heterogeneous systems, par- 
ticularly in the solid condition; that is to say, so little is known of 
the fundamental laws which define quantitatively the rates of 
change of heat content when a system is being cooled (say) and 
the heat lost during this process consists of both kinetic energy (fall 
of temperature) and the potential energy (without fall of tempera- 
ture) accompanying such phenomena as allotropic changes, solution 
or dilution, peritectic or eutectic reactions, &c. It is true that 
attempts have been made to apply the well-known law of van ’t Hoff 
for the depression of the freezing point by solutes to determine the 
course of the liquidus, solidus and saturation lines in alloy systems 
with varying degrees of success. 

Another reason why more attention has not been given to the 
quantitative, or even qualitative, interpretation of thermal curves 
is probably the fact that an inverse-rate curve is the practical graph 
of an unknown differential equation. The difficulty of finding an 
equation to suit a practical graph is too well known to need dis- 
cussion here, but this difficulty is as nothing compared with the diffi- 
culty of solving the differential equation unless the general form of 
the solution is known. 

It appears, then, that the proper and safest method to use 
for the interpretation of thermal curves is to asswme various 
forms of heat-content/temperature curves and then to deduce 
mathematically the types of time-temperature and inverse-rate 
curves which ought to be obtained if the body under consideration 
is cooled under certain well-defined conditions. Actual experi- 
mental results may be sufficient to reject completely the assumptions 
used, or to retain these assumptions amongst a list of possibilities. 
Many other confirmatory tests of different types would be required 
before any theoretical quantity-of-heat/temperature curve could be 
accepted with finality. 

In this work only two methods of cooling will be considered : 


(1) Cooling in constant-temperature surroundings, e.g., in 
air, liquids, salt baths, &c., 

(2) Cooling in a space which is cooling linearly with time, 
e.g., cooling in a tube furnace, which is itself cooling so slowly 
that, over fairly wide ranges of temperature, the cooling of the 
inner wall of the tube is approximately linear, 


and only the following simple types of phase changes : 


(1) Change at constant temperature, 
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(2) Change over a range of temperature, 
(3) A combination of (1) and (2), e.g., a hypo-eutectoid 
change. 


It is also assumed throughout that : 


(1) The specific heat of any one phase does not change with 
temperature, 

(2) The size of the specimen is such that its temperature 
gradient during cooling can be ignored (the difference in 
temperature between the outside and inside of a }-in. dia. test- 
piece cooling at 7° per min. is about 0-2°C.), 

(3) The rate of loss of heat by the specimen is proportional 
to the difference in temperature between the test-piece and the 
surroundings. (Some experimental justification for this assump- 
tion is given later.) 


Symsots UsEpD. 


C = specific heat. Cal. per g. 
R = rate of fall of furnace temperature. °C. per sec. 
= temperature of test-piece. 
F = temperature of furnace (inner wall). 
K = Constant of proportionality defined in the third assumption. 
A = difference in temperature between the test-piece and the inner walls 
of the furnace. 
t= time. Sec. 
Q = quantity of heat. Calories. 
I = latent heat. Cal. per g. 
m = mass of substance. 
All logarithms are Naperian logarithms. 


A word of explanation is necessary here on the use of the term 
“latent heat.’ In this paper it is used in its widest sense to mean 
a change in the potential energy or intrinsic energy, and will in- 
clude all energies which do not by themselves cause a change in 
the temperature of the system, although a change of temperature 
may be necessary before the potential energies are released or 
absorbed. 

By “specific heat” is meant only that heat which causes a 
change in the kinetic energy of the system. 

Only four types of thermal curves are shown : 


(1) Temperature plotted against the total quantity of heat 
required to raise unit mass from some agreed constant tem- 
perature, usually 0° C., to temperature 0, 7.e., 6 against Q. 

_ (2) Temperature 0 against dQ/d0, which is derived from the 
first curve. A small liberty has been taken with these curves. 
If the latent heat is evolved at a constant temperature, dQ/d0 
is infinity. This line is not shown as running to infinity but 
is terminated at a length marked L, the latent heat at that 
temperature. 
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(3) Temperature against time for cooling curves only; cool- 
ing taking place under the two conditions already stated. 

(4) Inverse-rate curves, i.e., 0 against — dt/d@, derived from 
curve (3). 


Case l(a). See Figs. 1, (a), (b), (c) and (d). 

This is the simplest possible case of a phase change taking place 
at constant temperature in constant-temperature surroundings, e.g., 
a pure substance changing from a liquid to a solid, a eutectoid 
change, &c. 


j 
4 


(a) 


Quantity of Heat. 


























From assumption (3) : 


_< 


dt 


and it follows at once that if 6 is constant and equal to 0,, then Q, the 
total latent heat of the phase change, is directly proportional to the time 
t required to complete the change, viz., BD, and the latent heat evolved 
is equal to K04. The total latent heat is thus proportional to the 
area BDHG, which equals : 
L L 

BD x DH = Fy X & = K- 
To find the latent heat in terms of the specific heat of, say, the liquid, 
consider the area JBGS. The form of the curve AJB is: 


—Kt 
O= Oe %. 
Qe et 
The area JBGS = | Oy “ dt 
8 


= 2 (0, — 0), 





Wweew Ww 





APPLICATION TO FERROUS ALLOYS. 151 P 


Area BDHG L Latent heat 
— Area JBGS * (% — %) = C, Specific heat’ 
—Kt 

The curve DE is given by 0 = 0,.¢ “ if times be taken from H. If 
this curve DE be redrawn starting from the point B and taking times 
from G, i.e., if the whole curve be moved horizontally a distance DB, 
then the area BDEU is equal to DBHG, which is, as above, directly 
proportional to the total latent heat. Hence it is wrong to continue 
the curve AJB down to U, and to say that the area bounded by 
DE and BU, is proportional to the latent heat—unless the specific 
heats of the liquid and solid phases are equal. The inverse-rate curves 
are as shown in Fig. 1(d); B’ will lie to the right of B, coincide with B 
or lie to the left of B according as C, is greater than, equals or is less 
than C}. 




















&% 
/ 
rR 
és ob tod alc 4 d 
s 
2 
: 
eg 
-% | -% 
Time. 
(a) (b) (c) 


Fia, 2, 


Case 2(a). See Figs. 2 (a) and (b). 

Let NU denote the time-temperature cooling curve of the furnace 
inner walls cooling at R° per unit time. 

It will be proved later that relatively soon after cooling commences 
the temperature of the test-piece will fall along AB, which is parallel 
to NU. The temperature then remains constant at 0, for a time BD 
and then falls along DE. ' 

The difference in temperature between the test-piece and the 
furnace walls during the fall AB is given directly by: 

RC, 
 < , 
when the specimen is cooling at the same rate as the furnace. 

To find the time BD, let t be 0 when B is reached and t be the time 

when MM is reached. 


RC, = KA or A= 
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The difference in temperature between the test-piece and furnace 
walls is : 








Nie, 2 a 
MV = Rt + —. 
dQ _ aL) _ ( #1) is) 
Hence aa == Rt + +21 = KA, 
2 
or 1 = SEP + Rey, L baaial tthe iad day el 
V2LKR + RC? Oy 
and t= . na < 


This disproves the general statement, frequently made, that the 
amount of a heat evolved (or absorbed) is proportional to the time 
taken for the evolution to complete itself. 

The form of the curve DE is of special interest, and to obtain its 
formula the general problem, which will be frequently referred to 
later, is stated : 


A test-piece, having constant specific heat and assumed to 
remain uniform in temperature, is cooling in a furnace which is 
itself cooling at a rate of R° per unit time. At a given moment 
the temperature of the test-piece is 6—point D in Fig. 2(a)—and 
the temperature of the furnace is /',—point H in Fig. 2(a). Find 
the relationship between time and the temperature of the test- 
piece, time being taken from the point D. 


At any time ¢ after 0, is passed, let 6 be the required temperature. 
The temperature of the furnace is then equal to F, — Rt. 


Rate of loss of heat = — K(@—F, + Rt) 
Rate of fall of temperature = 4 = = (6 — F, + Rt) 
‘2 
== RC 
Therefore ee aes ve *' eo hk Ps A 


The constant of integration, A, is found by putting 0 equal to 0, 
when ¢ is 0, giving : 


—Kt 
‘ 0=(0,—F,— eG + F,— e+ ee. 5? a 8) 


The first term decreases very rapidly with time; the curve is asymptotic 
to§ = F, — Rt + (RC,/K). Thisis parallel to the curve 6 = F, — Rt, 
which is the curve NU in Fig. 2(a). 

The difference is temperature between the test-piece and the 
furnace when the first term in equation (3) has vanished is RC,/K, 
which proves the statement made at the beginning of the treatment 
of this case. 
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The latent heat is proportional to the area BDHG@, since : 


L = KfA, dt 
and Se: dt = area BDHG 
.. area BDHG = a 


It is interesting to note that this area is quite independent of the 
rate of furnace cooling R and, as expected, is independent of the 
specific heats C, and C,. For any time-temperature cooling curve 
ABDE which has been determined experimentally there is usually no 
furnace cooling line NU, so that the area BDHG cannot always be 
measured. It is therefore of interest to see under what conditions the 
time-temperature curve itself will give information about the latent 
heat. 

In this example, it is assumed that C, is greater than C, and that 
DE has been continued so far that it is possible to draw its asymptote 
MK with reasonable accuracy—see Fig. 2(a). 

The latent heat is then proportional to the sum of the shaded areas 
BMVG and MDE: 


(C,? — C,*) 
Area BMVG =R rn, 


a (C,? — C,?) 
area MDE = Soe. 





and the sum = e 


If C, equals C,, the area BM VG vanishes, MV coincides with BG, and 
the required area is readily found by continuing the line AB and 
measuring the area above it bounded by BDE. 

The theoretical inverse-rate curve is shown in Fig. 2(5). This 
curve is worthy of the most careful consideration. In practice, it is 
not usual to make the abscisse — dt/d6, but the time required to 
fall some interval of temperature; 1° C. will be assumed, and the type 
of curve then obtained—neglecting undercooling—is as in Fig. 2(c). 

A characteristic of the curve is that there must be a swing back 
towards the datum line as soon as the evolution of latent heat has 
ceased; there is no such swing back in case I(a). 

The curve is of the form @ = f(dt/d6), hence any area between 
the curve and the datum line would give a time only. 

To examine the effect of variations in the rate of cooling, the 
distances bd and be can be found in terms of ab: 


eee ee a , 
ab = 7 bd = ER +Rr-K° (from equation (1)) 
bd = /2LR , CR? O,R 
- rage er re i. oe A AM 


which obviously increases as R increases. 
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, 1 dé —K 
Again — ()o—a es CG, (0. — F,) 

F, = 6, — ai — Rt (where time is BD—Fig. 2(a)) 

1 <K/RC, ) 

ac ~ G, (“et +B 

es A V2LKR + RC? 
Cy 
A SS |) a 
ab ab 2LK Fe 
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which decreases as R increases. 

For a better appreciation of the effect of the rate of cooling on the 
inverse-rate curves these values have been calculated for three cooling 
rates which are within the range of ordinary laboratory experiments ; 
the results are given in Table I. and Fig. 3, which has been plotted 
































TABLE I. 
bd be | 
R ro Mig ab 
Degrees 
per sec, : a 
L=1. L = 20-5. Lel. L = 205. 

0-05 1-67 8-45 0-86 0-97 
0-15 2-62 14-30 0-76 0-95 
0-30 3:36 19-78 0-67 0-92 














with a constant value of ab. One set of figures and the full-line graph 
could represent a steel of about eutectoid composition with LZ equal 
to 20-5 cal. per g., specific heat 0-146, and K taken as 0-027 for a 
reason which will be apparent later. The dotted lines show the graphs 
for Z equal to 1 cal. These graphs show very clearly that the peak of 
the curve is most marked when the cooling rate is fast, provided that 
the rate of cooling is not so fast that the reaction causing the evolution 
of latent heat is partially or wholly suppressed. They also confirm 
the impossibility of comparing, even approximately, the total quanti- 
ties of heat evolved from the areas under the peaks, although the 
curves may be taken under identically the same conditions. 

An attempt has been made to examine experimentally the truth of 
the assumed law, that the rate of loss of heat from the test-piece is 
proportional to the difference in temperature between the test-piece 
and the furnace walls, and to check the accuracy of the formula derived 
for the relationship between the latent heat and the time required for 
its complete evolution. The experiment was based on the fact that 
if three numerical values for m, R and ¢ could be put in the equation 
mL = 4KRé# + mRCt, it is possible to find the ratio of the values of 
L, K and C from any two equations, and the three values so obtained 
should be approximately equal if the assumption is justified. 
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Time-temperature cooling curves were taken on three test-pieces 
of 0:97% carbon steel of different weights and approximately similar 
shapes. Heating and cooling took place in a vertical furnace which 
had been evacuated, and the test-pieces were placed on point contacts 
on a silica tube so that they did not touch the side of the furnace tube. 
Portions of the three curves are shown in Fig. 4, and particulars of 
the test-pieces are given in Table IT. 





























TABLE IT. 
Test-Piece. | Calculated Times. Sec. 
Curve. Sera re, : | } 
Weight. | Diameter, | Length. | x = 003, | K = 0-027. | K = 0-03. 
3 5-546 0-379 0-3975 282 247 236 
4 12-591 0-501 0-507 344-3 304 280 
5 24-584 0-6255 0-629 413°3 366-5 351 


























A very real practical difficulty was the extrapolation of the curve 
KE to meet the horizontal through the eutectoid temperature. Three 
workers varied in their estimates by as much as 15 sec., and this 
discrepancy was not diminished even when the curve was drawn on 
a large scale. The figures given for the time in Table II. were cal- 
culated on the assumption that the latent heat of eutectoid steel is 
20:5 cal. per g., and the specific heat above the eutectoid temperature 
is 0-146 cal. per ° C., and for different values of K between 0-02 and 
0-03. The time values which agreed most accurately with the ob- 
served values were given when K was 0-027 and the time figures given 
in Fig. 4 are based on K equals 0-027; the extrapolations shown in 
the diagram are considered to be quite satisfactory. R was 0-1195° C. 
per sec. The values of L and C to be put in the equation are the 
total latent heat and thermal capacity, respectively, of wnit length 
of the test-piece. 


Case 1(b). 


A phase change takes place over a range of temperature, see Fig. 
5(a). The 8 —> « change takes place over the range 0, to 0, so that 
- any temperature 0 there are ab parts of «, and be parts of @ in equili- 

rium. 

This case is dealt with in detail as an example for the study of the 
four types of thermal curves already mentioned. The specific heat 
at any temperature 6 within the range 6, to 0, is that due to a mixture 
of ab parts of « and be parts of 8, or (0, — 6)/(6, — ®) parts of a, 
and (6 — 6,)/(6, — 6) parts of 8. 

The specific heat (kinetic energy) at temperature 4 is: 


dQ\ _ 1 
(33). " &-&) [0,C. — 0,0, + C,—C,)]) + - (8) 
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Before the equation of heat can be formed, it is necessary to find the 
relation between the “ heat of transformation ” and the temperature at 
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(2) 








which this transformation is taking place. This relation depends on 
the form of the phase boundary line and on the specific heats C, and 
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C, of the 8 and « phases. In this example it is assumed that the phase 
boundary line is a straight one, and that unit mass of material is under 
consideration. 

Let L be the total latent heat or the “ heat of transformation ”’ 
distributed over the range 0, to 0,. Then the total-heat/tempera- 
ture curve (see Fig. 5(b)) will consist of the two straight lines HF and 
GH inclined at C, and C,, respectively, and some form of curve joining 
FtoG. (The diagram is drawn showing C, greater than C,.) To find 
this curve, first find the point G,, representing the quantity of heat 
required to raise the temperature to 0,, on the assumption that no 
latent heat is absorbed : 


1 O 
oe eo a] (0,0, — 0C, + 0(C, —C,)d0. . (7) 
6, 


= 0,C, — 0,0, + 4(0, + 0,)(C, — C,) = a constant. 


G, lies above D, and from equation (6) it is seen that the slope of 
FG, is C, at F and C, at G,. Draw FM to represent the latent heat 
which would be evolved if the « —> 6 change took place completely 
at 6,, and draw MGH inclined at C,. 

The total amount of heat required to raise unit mass from 6, to 
0, is exactly the same if the thermal changes follow the course FMG, 

BAG, or follow some curve joining F to G. 

Let FM equal /, then AB, the latent heat evolved if the a8 change 
tock place completely at 0, is 1 + (8 — 0,)(C, — C,). (This is deduced 
geometrically, or from the simplest form of the Kirchoff Law, dL/dé = 
The quantity of 8 transformed during a fall of temperature dé be- 
tween 6, and 0, is d0/(0, — 0,) and the heat of transformation (potential 
energy) evolved during the fall d6 is: 


d 
Wp = gy B+ (0 -0N0,- ON} » » - - (8) 
1 2 


The specific heat (kinetic energy) at temperature 0 is: 


d 1 

(3), mes eH {0,C, — 0,0, + 0(C, — C,)} 
Hence the differential equation of the curve joining F and @ is: 
dQ _ (4Q dQ\ _ 
a0 (3), + (3), és 

0G, C2 — Cr + (Cx — C220 — 0) +B. + (9) 
#Q 20, —C,) 

and de? = i hey a, . . . . . . (10) 


As, in Fig. 5(6), C, is greater than C,, this second differential coefficient 
is positive and the slope of GF decreases from G to F as shown. If 
C, were less than C,, YG would be curved in the other direction, and, 
of course, the inclination of HF would be greater than that of GH. 
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If C, is equal to C,, FG is a straight line, and HF and GH have the 
same inclination. 

The temperature /quantity-of-heat-per-degree curves are shown in 
Fig. 5(c). The lines above 6, and below 0, are vertical, indicating con- 
stant specific heats. The dotted line be gives the specific heat of the 
mixture and is a straight line if the phase boundary line is straight. 

The values of bc and ef are obtained from equation (8) : 


2 ) ae see 
be = (Se @=6, 4; — 0, r (Cy C2) 


and ef = <7 
= "s 


Finally, the curve cf is shown to be a straight line by equation (9). 


Trme-TEMPERATURE AND INVERSE-RATE CURVES. 


Consider a body cooling in surroundings at constant temperature 
—for simplicity, air at 0° C. (See note later on the important effect 
of the temperature of the surroundings.) It is desirable to determine 
first the types of cooling curves which would be obtained if the heat 
lost were specific heat only. These types will approximate to those 
obtained when the latent heat is small. 

The four general types are shown in Fig. 6, in which C, is kept 
constant and C, varies. It will be seen that each curve is made up 
of three parts : 


(1) AB, of which the form—time from 6 )—is : 


—Kt 
t =F log 2 or 0 = He Be se ye ha (11) 
(2) DE, D'E’, &c., of which the form—time taken from 6,—is 
— C21, 92 
c= K log a" 


(3) The part BD, BD’, &c., of which the form is derived from 
the equation : 


dQ _ 1 , do ‘ 
3-G—h {0:0, — 6,0, + (C0, —0,)} =— Ke. . (12) 
which by integration, noting that 6 = 0, when ¢ = 0, gives: 
1 6 F 
t= 7 {A(0, — 0) + Blog 3}. i, eral 
in C; cee C; na 8,0, = 6.0, 
where A= —t and B = ~O ae . 


A study of these equations leads to the following results : 


(1) The slopes at B are equal for all the five curves meeting 
at B; this slope is — K0,/C,. 

(2) The slopes at D, D’, D’’, D’” of the two lines meeting at 
these points are equal to — K0,/C, and, of course, depend on 
the value of C,. 
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Hence, there will be no “ break ” in the inverse-rate curves such as 
will be found when latent heat is evolved. 
The types which arise are: 


(1) The singular case of C, = C, irrespective of the values of 
0, and 0,. ABDE is then the curve t = (C/K) log (0/6). 

(2) For all cases of C, less than C,, the point D moves to the 
right and the slope of BD’—ignoring its negative sign—decreases 
from B to D’. 
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(3) For all cases of C, greater than C,, the point D moves to the 
left, but the curvature of BD now depends on the interrelation 
between C,, Cy, 0,, 94. 


(a) if C,0, = C,0,, BD” is a straight line which is a tangent 
to both AB and DE. 

(b) if C,6, <C,0,, D lies between D and D” and the slope 
decreases from B to D. 

(c) if C,0, > C,0,, D lies between D” and D’” and the slope 
increases from B to D. 


All the above are indicated graphically on the inverse-rate curves 
shown in Fig. 7. (Note that if d0/dt becomes smaller, dt/d@ becomes 
greater, &c.) 


Note on the Effect of the Temperature of the Surroundings. 


It has been shown that if C, is less than C,, then on the cooling 
curves the curvature of the portion between 6, and 0, may either in- 
crease or decrease as cooling takes place over this range of temperature, 
depending on the relation between 0,C, and 0,0,. Now 0, and 9,, 

- although for convenience here taken as temperatures above 0° C., are 
actually the temperatures above the temperature of the surroundings and 
should read (0, — ¢) and (0, — ¢), where ¢ is the temperature of the 
air, salt or metal bath, &c. 
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The time-temperature and inverse-rate curves when latent heat 
is evolved can now be considered, see Fig. 8. 

The time-temperature curve again consists of three parts, AB, 
BD’ and DE’; the formule for AB and D’E are exactly as in Fig. 
6, but the formula of BD’ must be found from equation (9), which 


gives : 
dQ 1 ; , ; — 10 
Ge = Opp {8iC2 — Mr + (Cx — 0,N(20 — 04) + 1) F — — Ko 
Se ae , 1\ 
or bm AG @) +B log 3 y e . e e (14) 
4° — 2(C; — C,) 
where A’ = “0, =% 
, 0,0, — 20,0, + 0,0, +2 
and Be i —- 
dt 1 i ‘i 
Now ~F=7(4 +- *) oe @ © oe aie 
“ea dt l (3 
~ de ~~ K\ ee) 
t B! Positive 
28.0 
3. B' Negative 
e c F) be e de 


a q \ 4 V((2) Wy) 
G- & G<& 6? Cp 


~ 




















. a -# - # 
Time. d3 ge 7 
> Fia. 8. Fia. 9. 
hence the curve BD’ will be convex to the abscissa, straight, or con- 
S cave to the abscissa according to the sign of B’: 


Then B’ = C, + 1/(0, — 0), which is always positive. Hence 
—-Ke is always negative, and the slope of BD (ignoring its 


g negative sign) will always increase from B to D’. 

1 (2) Let C, be less than C,. 

e, Then as 0, is greater than 0,, 0,C, > 0,C,, and B’, which equals 
os 0,C, — 0,C, + 9(C, — Cj) + 1, is always positive, and again the 
re slope of BD (ignoring its sign) increases from B to D. 

id (3) Let C, be greater than C,. 

he Complications now arise, and one cannot get much further 


than saying that the form of BD depends on the sign of B’. 
1939—i M 
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The shaded area shown in Fig. 8 is directly proportional to the 
latent heat for the case C, = C,. The inverse-rate curves are shown 


in Fig. 9. 


Case 2(b). 

The general case of bodies, of which the quantity-of-heat/tempera- 
ture curves are as shown in Fig. 5, cooling in a furnace which is itself 
cooling linearly can now be considered. In Fig. 10, the lower portion 
of AB is a straight line, and BG equals RC,/K. The curve BMD is 
determined by the general method given in case 1(6). 














(a) (2) 


Fie. 10. 


If times be taken from B, and at time ¢ the temperature 6 of the 
test-piece has fallen to point M and that of the furnace to point V, 


then : 
S = — K{o— (0, -2— m)) 
ip = —x{0— (0,0) 
and from equation (9) : 
dQ 1 Y Y Y Y \Ve dé 
We = Ga tey {8202 — Hs + (Cs — C4120 — 4) +1} = 


; RC 
ff {0 - (6, =e nt)} ioe 
The solution of this equation in 6 and ¢ is placed on record, but it is 
so formidable that it will not be considered further in this paper. 
Instead, the simple case of C, = C, will be considered. The 
shaded area in Fig. 10 is proportional to the total latent heat (potential 
energy) evolved during the transformation. Equation (16) now re- 
duces to: 
Vik, se RC, , 
(c "Hie a aa) dt = K(6 = 0, T K a Rt), ° (16(a)) 
giving : 
es RC R ae . 
6 = Ae CO, —6,) +1 4 8, — Rt E(G + gz) oe (19) 

















\ 
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A, the constant of integration, is found by putting 6 equal to 0, when 
fis 0; or: 
Rl 
ae EO, == 6, ): 
The curve BMD can be more closely examined by differentiating 
equation (17) with respect to t. This gives : 


dg 


~ 6,0, —6,) +2 — 
dt " (ara; = 0.) +0“ - ; ; 


1 KO, — 0,) 
} (18) 


From this is deduced : 
(1) At time ¢= 0: 
dé a C,(8,; — 9.) \ 
(3 is ” { a0; —6) +05 
As this cannot equal zero, and is negative, the tangent at B 


(Fig. 10) slopes downwards, and dt/d0 at 0,, i.e., the distance ac 
on the inverse-rate curve, Fig. 10 (c), has a finite value. 


(2) 
tae 
ac : 0, — 0 ey Quantity of heat per ° C. below 6, (19) 
ab - C; Quantity of heat per ° C. above 6, 


(3) There is no point of inflexion on the curve BM D; its slope, 
ignoring its negative sign, increases from a minimum at B to a 
limiting value R, i.e., the curve tends to become parallel to the 
furnace-temperature line AU. 

(4) The value of dt/d®, ignoring its negative sign, decreases as 
the temperature falls, and more or less rapidly approaches the 
value 1/R, i.e., the curve cb’ tends to run into the line gb con- 
tinued. This is an extremely important point, and one which is 
overlooked time after time when inverse-rate curves are being 
discussed. It should be remembered that this analysis is based 
on the assumption that equal quantities of heat are being given 
out over equal decrements of temperature over the range 6, to 
0, yet the value of dt/d0 is falling with falling temperature. If 
the peak at c had been caused by an evolution of heat peculiar to 
temperature 6, then the inverse-rate curve would have swung to 
the left of the line gb as already explained. 

(5) The effect on the inverse-rate curve of variations in the rate 
of cooling can also be deduced. It will be convenient to keep the 
neutral line gb at unit distance from the datum line. This is 
readily done by making the horizontal axis — RP . dt/d0 instead of 
— dt/d0, then if y = — R.dt/d0, the 6 — y curve is similar to 
the © — (dt/d6) curve, and since it has already been shown 
(equation (19)) that the proportional increase in dt/d@ at 6, is 
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Temperature 











independent of R, the “ peaks ” on the 6 — y curve are all of the 
same magnitude. Equation (18) can be solved for t, giving : 


ee! m 1 : 
“8 “2a log (B(1 — ‘)} Sens ues Me) 


where ae of, — 82) mag | 


and by eliminating ¢ between this equation and equation (16(a)), 
the equation of the 8 — y curve is obtained. It is: 


Miah 2 ton 1 
be = BG, E + log {B (1 aa . (21) 











Temperature. 





AH O00 
Fig, 11. Fia, 12, 


As the right-hand sides of both equations (20) and (21) are inde- 
pendent of R, the following deductions can be made—see Fig. 11, 
in which bc is constant for all cooling rates, ce and cf are the curves 
for different cooling rates R’ and &’’, and LM is some constant 
value of y. 

(5a) From equation (20), the time to fall from c to e is equal 
to the time to fall from ¢ to f. This also comes directly from 
equation (18). 

(5b) From equation (21), 0, — 6 is directly proportional to Ff, 
or in Fig. 11 de: df = R’: R”, and as this is true for all values of 
y, i.e., for all positions of the line LM, it follows that : 

(5c) The curves ce and cf can never cross each other for 
different values of R. 
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(5d) The slower the rate of cooling, 7.e., the smaller R becomes, 
the sharper is the peak at c, and the higher is the temperature at 
which the 6 — y curve runs into the neutral line. This effect is 
even more marked on the 0 — (dt/d®@) curve; this is readily seen 
in Fig. 12, which is drawn to scale representing two rates of cool- 
ing, one twice as fast as the other. This is an important result, 
as it shows that the theoretical form of the inverse-rate curve can 
vary quite appreciably in general appearance, depending on the 
rate of cooling. 


Some point P (Fig. 11) on the curve will be said to lie on the 
neutral line when its distance from the datum line, measured in time 
units, varies by some small fraction from that of b, and, as shown 
above, the slower the rate of cooling, the higher is the temperature of 
the point P, and this temperature is in no way connected with the 
characteristics of the steel; in particular it does not indicate the end 
of a reaction as is often supposed. 

To investigate the effect of different rates of cooling on the portion 
DEH of the time-temperature cooling curve, Fig. 10, and its inverse- 
rate derivative, let DY equal A, and let times be taken from point 
D. If after time ¢ the temperature 0 of the test-piece has fallen to 
point # and the furnace temperature to W, then: 





co, & = — Ko — (0, — A — Ri}, 
t 
—Kt RC 
giving @=Ae% 4+60,—-A—Rt+ a 


and A, the constant of integration, found by putting 6 equal to 6, 
when ¢ is 0, is now: 





aig) RC, 
A=A— KE 
dé = K ( ais =) 
Hence & . —_ = A a) Bae R 
or (5) _— Cy 
dd/e=0, KN 


Two cases are to be considered : 
(1) If A has reached its maximum value, viz. (Cy =o 0 : 6 \, 
ale 
i.e., if the test-piece is cooling as it approaches D at a rate practic- 
ally equal to the cooling rate of the furnace, and the inverse-rate 
curve has run into the neutral line, then: 








a’c’ = (5) -_ Ci 
~ \d0/o=0, (7 l ) 
R (« ar ae 
~~" ac _ C1 " Quantity of heat per ° C. below 0, 
ab l Quantity of heat per ° C. above 6, 


“+ =O, 
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(2) If A has not reached its maximum value, then a’c”’ (neglect- 
ing its negative sign) is greater than ac’—see Fig. 1l—but never 
reaches a'b’. 


This treatment of case 2(b) is based on the simplest possible initial con- 
ditions—constant specific heat, linear furnace cooling, uniform dis- 
tribution over a range of temperature of the potential energy, &¢.— 
but having once established the characteristics of the inverse-rate 
curve under these “ideal” conditions, it does not require much 
imagination to visualise the types of time-temperature and inverse- 
rate curves which would be obtained if the quantity-of-heat/tempera- 
ture curve differed from the simple one considered, or if the practical 
conditions varied slightly from those stated here. 


THe APPLICATION OF CasE 2(b) TO INVERSE-RATE CURVES 
OBTAINED ON A NICKEL-CHROMIUM STEEL. 


The study over a number of years of the phase changes which 
take place on cooling nickel-chromium, nickel-chromium-molyb- 
denum, and other alloy steels by means of thermal curves, dilatation 
curves and magnetic-induction curves has led to a very definite 
opinion that the so-called Ar’’ point—which is obtained when the 
rate of cooling is such that the Ar’ change is wholly or partially 
suppressed—is really a range of temperature which may extend up 
to as much as 150°C. Moreover, the Ar” range differs from the 
Ar’ range in the following particular: The Ar’ change, austenite- 
to-pearlite, will continue to completion at a number of temperatures 
within a comparatively narrow range, the time required for the 
reaction to complete itself varying with the temperature, so that 
there is one temperature at which the rate of reaction is a maximum. 
This subject has been dealt with by Bain and his co-workers. The 
Ar” change, which for the want of a better name may be called the 
austenite-to-quench-pearlite change, behaves quite differently. 
It does not complete itself at any one temperature; the whole 
range of temperature must be passed through before the change 
is completed. At any temperature within the range, the phase 
change involved arrives at a state of equilibrium fairly quickly, so 
that no further expansion or increase in magnetic induction is re- 
corded at that temperature even after prolonged soaking. On 
lowering the temperature a little, the reaction immediately restarts 
and again arrives at its equilibrium value for that temperature; 
this process continues until the whole temperature range is passed. 

For investigations of this type, the author has repeatedly ex- 
pressed his dissatisfaction with time-temperature cooling curves and 
their derivatives. Sykes 1 has already pointed out how misleading 


they can be. 
During their work on the alloy steels, the author and his colleagues 


1 ©. Sykes, Proceedings of the Royal Society, 1935, A, vol. 148, p. 422. 
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have obtained many different forms of inverse-rate curve on the same 
alloy steel, and it has often been a most difficult matter to correlate 
these satisfactorily with the dilatation or magnetic-induction curves. 
In none of the inverse-rate curves obtained in this laboratory up 
to 1937 was there any indication of a “ split Ar’ point,” so that 
the curves made at the National Physical Laboratory on steel No. 
10! were at first very mystifying, and led the author to make this 
detailed study of the general theory of inverse-rate cooling curves. 
It soon became obvious that the reason why he had hitherto not 
recorded a split Ar’’ point was that the rate of cooling had not been 
slow enough. His curves were taken by personal observations and 
three hours’ concentrated attention is about the limit of an observer’s 
endurance. The presence of two “ peaks” on the inverse-rate 
curves has since been amply confirmed by observers working in 
relays. It also appears that the many different forms of inverse-rate 
curves that can be obtained on the sample of steel can be simply 
explained, but—and this is a very important point—the work has 
also confirmed how exceedingly difficult it is to interpret an inverse- 
rate curve unless it is obtained under a set of conditions characteristic 
of the steel; these conditions are best determined by means of other 
tests. The inverse-rate curve may then be used to confirm a 
theory, but not safely to deduce one. As an excellent example of 
this, it is the author’s opinion that the type of inverse-rate curve 
obtained by the National Physical Laboratory on steel No. 10 fully 
confirms the theory of the Ar’’ change described above. Fig. 13 
shows time-temperature curves and inverse-rate curves obtained 
on the same sample of steel No. 10 under six different rates of cool- 
ing, and the difference in the general forms of the inverse-rate curves 
is very noticeable. For the moment the low point on curve No. 
9 will not be considered. 

In order to see whether the two points shown on curve No. 5 
could be associated with two distinct phase changes, very careful 
magnetic-induction/temperature curves have been taken. These 
are shown in Fig. 14, corresponding time-temperature curves being 
shown for comparison in Fig. 13. There is no trace whatever of 
a double point on these curves. Similarly there is no trace of a 
double point on the dilatation curves, Fig. 15. If, now, it be 
assumed that the Ar” point does take place over a range of tem- 
perature, the explanation of the different forms of inverse-rate 
curve with different rates of cooling is comparatively simple. The 
practical inverse-rate curve will differ from the theoretical curve for 
the following reasons : 


(1) The temperature at the centre of the test-piece is re- 
corded, but it is the outside which reaches 0, first. Hence 
C, gradually increases to C' + 1/(0, — 95), whilst the temperature 


1 Reported by Sub-Committee A., Thermal Treatment, of the Alloy Steels 
Research Committee, Iron and Steel Institute, 1939, Special Report No. 24. 
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of the centre falls from 6 + AO to 0, where A@ is some small 
This tends to make the horizontal line be slope 
slightly downwards—see Fig. 16(a). 


interval. 
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(2) The theoretical curve is plotted with ordinates 0 and 
abscissee — dt/d6, whereas in the practical curve the ordinates 





are usually the electromotive force generated by the thermo- 
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Fia. 15.—Dilatometer Curves for Steel No. 10; piece 3 in. x 3 in. in dia. 
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couple at temperature 6 and the abscisse are the “ times for 
this e.m.f. to fall equal decrements.”’ 
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The former has the effect 
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Fia. 17.—Inverse-Rate (Cooling) Curve for Steel No. 10. 


of crushing the curve vertically—more at the lower tempera- 
tures than at the higher temperatures—and the latter tends to 
round off any sharp peaks on the theoretical curve—Fig. 16(6). 
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(3) The furnace does not cool linearly but more nearly ex- 
ponentially, 7.e., the neutral line is not vertical. The effect of 
this non-linear cooling of the furnace is readily seen by com- 
paring Fig. 16(c) with Fig. 16(d). 


In order to compare this theoretically deduced inverse-rate curve 
with that obtained on the nickel-chromium steel No. 10, curve 
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No. 4 has been replotted as accurately as possible with the ordinates 
temperatures and the abscisse “ times to cool 2°C.” This curve 
is shown in Fig. 17 and, when compared with Fig. 16(c), is a striking 
confirmation of the theory described above. 

Curve No. 5 is also a typical practical example of the type of 
curve shown in Fig. 11 (dotted lines). To confirm this, the follow- 
ing experiment was made: Another curve was taken under exactly 
the same conditions as the original No. 5. This curve agreed 
excellently with the first. The test-piece was then reheated to 
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682° C., i.e., below the Ac point, and allowed to cool in the furnace 
when an inverse-rate cooling curve was taken. The two curves are 
shown on Fig. 18, and again give confirmation of the theory. 


Case 3. 


This is the hypo- or hyper-eutectic or eutectoid type of trans- 
formation—see Fig. 19—in which BH is the temperature of the 
y—> «+ 8B reaction. 

For the simplest case, it will be assumed that : 


(1) The specific heats of the y, « and 8 phases are equal 
and constant with temperature. 

(2) The phase boundaries are all straight lines. 

(3) The @-phase is insoluble in the «-phase. 
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Three theoretical forms of quantity-of-heat/temperature curves will 
be considered. 

(A) It is still quite a common belief that a peak on an inverse- 
rate cooling curve always means an evolution of heat at that 
temperature, ¢.g., it is repeatedly implied that the peak at Ar, is 
due to an evolution of heat at the Ar, temperature. No further proof 
of the fallacy of this should be required than that which can be drawn 
from considerations of the elementary theory of thermal-equilibrium 
diagrams. 

If an alloy of composition »—see Fig. 19—be cooling from the 
y range, then there is no precipitation of « phase at temperature 9. 
At a temperature @ + 80, y phase only is present; at a temperature 
6 — 80, a quantity 5M of « has been precipitated, and if this de- 
position be accompanied by the evolution of H8M units of heat, 
then the increase in ‘“‘ apparent specific heat’ on passing 9 1s 
H&M /80, which, in the limit, must have a finite value, since there 
can be no deposition of « without a lowering of the temperature. 

As H8M/80 cannot equal infinity, there is no evolution of heat 
at constant temperature 0, hence the peak on the inverse-rate curve 
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at the Ar, point must be due to the change in the apparent specific 
heat at that point. That such a change in the apparent specific 
heat at 0, can give rise to a peak on the inverse-rate curve has 
already been proved—see cases 2(a) and 2(8). 

(B) Let it now be assumed that the (dQ/d0)-temperature curve is 
as shown in Fig. 20(a). This may be considered as a combination 
of cases 2(b) and 1(d). 

Figs. 20(b) and 20(c) show the theoretical and practical inverse- 
rate curves with two different rates of cooling plotted on such a 
scale that ab is common to both rates. The dotted curves are for 
the faster rate of cooling. As it has already been shown that the 
ratio of b’c’ to a’b’ is independent of the rate of cooling and the ratio 
of ef to de varies considerably with the rate of cooling, it may be 
very misleading to attempt to draw any conclusions about quantities 
of heat from an inverse-rate cooling curve. 

(C) Another form of (dQ/d@)-temperature curve can be developed 
from the simple assumption that the quantity of heat (potential 
energy) evolved during the precipitation of « is proportional to the 
quantity of « precipitated, or, what is exactly the same thing, the 
rate of heat evolution is proportional to the rate of «-precipitation. 

Let the alloy under consideration have unit mass and composition 
r»—see Fig. 19—and let any point on AZ be represented by 0 and 
u, uw being the composition of the y phase at temperature 6. Then 
the line AZ is: 

% — 4% 


Pt ee 





and p= feae ie eee SR re 


The « phase will commence to precipitate at temperature 0, where : 


9% 


0, = — = 4 


—— 
oo 
or 0 —0,'e 
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ae 





At any temperature P, the weight of the precipitated «-phase M is: 








Es oa on x where p is given by equation (22), 
— 1 — (9% — 4%) A 
or M =1 (0 — 0) “e" 


Now if a fall of temperature 30 causes the precipitation of 5M of 
a and the evolution of H&M, or 8Q calories, then : 


dQ __HdM _ HX( — 4) 


dé dd ~~ (0, — 8) (24) 











174P RUSSELL: INTERPRETATION OF THERMAL CURVES AND 


The following deductions are made : 


(1) The total quantity of latent heat given out over the 
range DM is: 


a, 
HA (6 — 8s) ag 

9, & (% — 9)? 
_ HA6 — 9 _ HA 
~ € & —A, e 
= H— se - + «+ « . from equation (23(a)) 
_H(ee—d)_, ME_,, DM 
eng 8 + ay oe 


Hence the total quantity of latent heat given out is proportional 
to DM, i.e., to the «-precipitation range of temperature. 

(2) The values of dQ/d0 at 6, and 0, are: 

a. d = : re tivel 
8 — 0, A an G-a's spectively. 

(3) If a is 0, ¢.e., if only pure metal is concerned, then 0, 

coincides with 6, and =) , is infinity, and there is an evolu- 
6=% 

tion of true latent heat at constant temperature. 


(4) As 4 approaches e, or as 6, approaches 6,, (2) 
0=05 


H 
approaches “ae Wy 

(5) The effect of relatively small quantities of alloying 
element on the distribution of the latent heat over the «-solubil- 
ity range is best shown arithmetically from equation (24), and 
it is worth while making a first approximation to the quantity- 
of-heat/temperature curves for the Fe—C alloys, asswming that 
the «-solubility line is a straight one, 6) equals 900°, 6, equals 
700° C., eutectoid composition (0-90% carbon), and H is 5-6 
cal. per g., the latter figure being the approximate latent heat 
of the y —> « transformation of pureiron. The latent heat of 
the y —> « +  eutectoid change is taken as 20-5 cal. per g., 
and the specific heats as constant at 0-14 cal. per °C. per g. 
To avoid the use of differentials, and for general simplicity, the 


” 


“ quantity of heat given out during 1° C. fall in temperature ” can 
be plotted against temperature; this is obtained from equation (24). 


The quantity of latent heat given out by fall of 1°C. is: 


HA (0, — 05)d0 _ HA (0, — 4) (25) 
¢ (,—0)*  ¢ (—0(%—O+1) °° “ 





6-1 


The limiting value of 6 is determined by the «-solubility line, which 
in turn depends on the composition 4. 
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Table III. shows some of these calculated quantities of heat for 
1° C. fall in temperature and for steels with up to 0:-45% of carbon; 
these values are plotted in Fig. 21. These curves and the theory 


TaBLE [I.—Quantities of Latent Heat given off during 
1°C. Fall in Temperature. Cal. per g. 





| | | 
a 
= 0 |o1 J|o2 |o3 | O-4 05 |06 | 07 108 | 09 1-0 
Approx. carbon | 
content. %: | Nil |0-09 |0-18 | 0-27 | 0-36 | 0-45 | 0-54 | 0-63 


0-72 | 0-81 0-90 








1° C. below preci- 


pitation temp. 5-6 | 0-267 | 0-136 0-098 | 0-069 0-055 | 0-046 | 0-039| 0-035} 0-031} 0 
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851-850° 0. .| 0 | 0-046 | 0-094 | 
801-800° 0. «| 0 0-011 | 0-023 | 0-034 | 
701-700° C. 0 0-003 | 0-006 | 0-008 | 0-011 | 0-014| 0-017| 0-020] 0-023} 0-025) 0 
Eutectoid heat of | 
transformation | 0 2-05 | 4-10 | 6-15 | 8-2 pe 12-3 14-35 ro |18-45 | 20-5 
Carbon 
900 Pure Iron. t 0:-09%. 
| 
800 |- - 
700 F- . 
& ! 1 ! ! ! n i 
< a +0 2:0 30 | 4 7 70 20 
S Cal. per G. for 1C. fall or rise of temperature. 
3 
= Carbon Carbon Carbon Carbon Carbon 
x 0-09%. 018%, 0:27%. 0-36%. 0-45%. 
900 - @ r a 
| 
' i | 
800 |- | b \ F é Z - 
I ! ' i 
| ! ! I 
‘ { 
l 
700+ {205 | fo 40. |. Io 6-15 a Io 82 qa \I % 10-2: 
1 1 n 1 1 1 ! L 1 1 
004 O2 001 O28 oO O2 0 Ov O02 oO” O 
Cat. per G. for 1°C. tall or rise of temperature. 


Fia, 21. 


underlying them receive a fair measure of confirmation from the 
practical quantity-of-heat/temperature curves obtained by the 
National Physical Laboratory on carbon steels and shown in Section 
IX., Part 2, of the First Report of Sub-Committee A. of the Alloy 
Steels Research Committee,! particularly if it be borne in mind that 


1 Iron and Steel Institute, 1939, Special Report No. 24. 
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the N.P.L. curves were made on steels of commercial composition 
and that the unavoidable presence of coring and the impossibility 
of obtaining perfect equilibrium conditions must tend to smooth 
out any abrupt changes in the heat contents of the steels. 

It will be noticed that when the carbon percentage reaches about 
0-18%, the increase in apparent specific heat at the A, temperature 
only is about equal to the specific heat of the y phase and that 
with further additions of carbon the increase of apparent specific 
heat becomes smaller. These quantity-of-heat curves can be 
treated generally as in section (B) above. 
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CORRESPONDENCE. 


Mr. E. H. Bucknatt (Birmingham) wrote that Mr. Russell’s 
paper had drawn attention to a number of fallacious generalisations 
in the interpretation of thermal curves. Starting from a few simple 
assumptions, Mr. Russell had developed a masterly exposition of the 
subject, and the work supplemented that of Burgess in showing 
that thermal curves had only a limited validity. There was, how- 
ever, a difference in what was indicated as the typical form of an 
inverse-rate curve corresponding to the behaviour of a specimen 
which had transformed within a cooling enclosure. In the present 
writer’s opinion the form indicated by Burgess was supported by 
the accumulated experience of all those who had used cooling curves, 
i.e., the more rapid cooling which followed a thermal arrest was 
spread over a considerable range of temperatures and at no one 
temperature was the cooling rate much more rapid than at other 
temperatures in this range. It would appear that the assumptions 
made by Mr. Russell had exaggerated a bulge into the sharp peak 
shown in Fig. 2 (c). 

He suspected that the same simple assumptions had led to an 
exaggeration of the effect of a decrease in specific heat on the form 
of the curve. So far as he was aware, there was little practical 
evidence to support a contention that such a change could produce 
a sharp leftward peak in an inverse-rate curve. Even if it were 
admitted that the type of curve drawn by Mr. Russell in Fig. 10 (c) 
would represent the behaviour of a specimen which had suffered 
an increase of specific heat to a value which had persisted over a 
range of temperatures and had then returned to its original value, 
it could scarcely be argued that the occurrence of such a curve 
proved that specific-heat changes of this type had in fact occurred. 
A very similar curve would clearly result from two successive in- 
creases of the specific heat and might result from other types of 
thermal change accompanying a step-wise transition. It was also 
doubtful whether in practice the end of a reaction would ever be 
sufficiently sharp to produce a sudden diminution of specific heat at 
constant temperature as in the case considered by Mr. Russell. 

Turning to the question of the application of Mr. Russell’s case 
to the transformations of alloy steels, it was noted that what Mr. 
Russell regarded as a leftward bulge, but was probably a second 
projection to the right, was only shown by certain steels and then 
only at appropriate rates of cooling. There was nothing in the 
mathematical treatment to explain why some steels—e.g., No. 12— 
should not show the effect at all, and no very convincing reason why 
a steel such as No. 10 should not show the effect on fairly rapid 
cooling. 

There was a considerable body of evidence that transformation 
in the intermediate range of temperatures between the pearlitic 
and martensitic reactions might occur in either of two ways : 


1939—i N 
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(1) By the initial deposition of ferrite followed by separation 


of carbide. 
(2) By the simultaneous separation of ferrite and carbide. 


The first mechanism applied when a steel was cooled just 
sufficiently rapidly to depress the start of transformation to about 
500° C., and it was then true that a considerable temperature range 
had to be passed through before the transformation could complete 
itself, as was stated on p. 166 P of the paper. When, on the other 
hand, the start of transformation was delayed to 450° C. or lower, 
transformation proceeded by the second mechanism and completed 
itself in a much narrower temperature range. 

In the case of a nickel-chromium steel such as No. 10, only the 
most rapid of the cooling rates used in these curves sufficed to depress 
the transformation sufficiently to produce the second type of reaction, 
but in the molybdenum-containing steel No. 12, in which there was 
much less tendency to precipitate ferrite, cooling at any rate faster 
than 8° C. per min. eliminated almost completely the tendency to 
transform at about 500 °C., and transformation then occurred in a 
narrow temperature range around 415° C. 

There might be some temptation to regard the specific-heat 
measurement made by Dr. Sykes on steel No. 10 as supporting Mr. 
Russell’s contentions, as the curves taken at the slow cooling rates 
showed fairly steady heat evolution to occur over a wide temperature 
range, but this interpretation was not correct. The curves showed 
in fact that rapid cooling of this steel caused the release of energy 
due to transformation to occur over a restricted temperature range, 
and the curves obtained at the slower rates of cooling consisted of 
overlapping curves, of which the second reached its peak at the 
same temperature as the second peak on the inverse-rate curve 
taken at the same cooling rate. This peak was followed by a lengthy 
temperature range in which the reaction died down. This range 
was longer than one would imagine from the inverse-rate curve. 
The main difference between the inverse-rate curves and the curves 
of specific heat lay in the latter bulging more rapidly to the left 
immediately after the maximum of each stage of reaction. The 
writer was definitely of the opinion that the inverse-rate curves of 
this steel did not bear the interpretation put on them by Mr. Russell. 


Mr. C. Hanprorp (Manchester) wrote that he had read Mr. 
Russell’s paper with the greatest interest, since he had long felt that 
the severe disabilities of the current forms of thermal curve were so 
commonly and seriously under-appreciated as to constitute a very 
real danger to metallurgical science and technology; instances of 
misinterpretation of and over-reliance on cooling curves were dis- 
tressingly frequent. In the course of an attempt still being pursued 
with the aid of collaborators to better this position, he was led to 
evolve a mathematical treatment the basis of which was briefly 
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recorded elsewhere.! This treatment naturally had much in 
common with the author’s and the two expressions quoted as 
examples in the publication referred to were, when allowance was 
made for their different use of symbols, identical with the author’s 
expression on p. 151 Pp for the difference of temperature between 
specimen and furnace and his equation (3), except that his constant 
of proportionality K was in the writer’s form of the expression 
elucidated in terms of physical constants and conceptions. 

He heartily welcomed Mr. Russell’s very full exposition of the 
idiosyncrasies of, in particular, the inverse-rate curve. They could 
not be too well appreciated by users of the current thermal-curve 
techniques. With by far the greater part of his conclusions the 
writer was in complete agreement and he wished to emphasise 
some which, in his opinion, deserved greater prominence. It 
had frequently been asserted, both in early and in recent publi- 
cations, that when a specimen suffering no present or recent change 
had been in a smoothly cooling furnace for some time there was no 
temperature difference between specimen and furnace. A three- 
sentence physical argument would disprove this: The author gave 
on p. 151 P an expression for its value; a more completely specified 
expression was available elsewhere (loc. cit.) and a rigid derivation 
of its magnitude was possible, using perfectly formal mathematics 
and irreproachable physical laws only. This temperature difference 
in fact, rightly regarded, was one of the very basic features of any 
thermal-curve technique. A Jatent-heat change or an increase of 
apparent specific heat increased it, a decrease of apparent specific 
heat decreased it ; but owing to the “ thermal capacity ” of the speci- 
men and the “heat interchange resistance’ between specimen and 
furnace there was a “time constant ’’ which caused a sluggishness 
in the response of this temperature difference to the disappearance 
of the causative effect and sometimes to its onset. A wider accep- 
tance of this viewpoint would result in a more general adherence 
to the following tenets: (a) That a time-temperature curve was 
generally preferable to any derived curves, on the grounds of easier, 
safer and sometimes more full interpretation. (6) That the un- 
fashionable ‘‘ differential” (better, ‘‘ difference ’’) curve carried out 
with rational arrangements had merits where sensitivity comparable 
with that of the inverse-rate curve was considered essential. Its tech- 
nique was less laborious, and it contained at any rate as many as- 
pects of the whole truth as did an inverse-rate curve. (c) That the 
use of a pair of curves (say heating and cooling or inverse-rate and 
difference) enormously increased the safety and yield of an interpre- 
tation. (d) That, except for rough work on cases known to be very 
simple, it was a bad waste of time and dissipation of energy to take 
any derived curve in an uncontrolled furnace giving the usual 
asymptotic time-temperature relationship. 

1 “ Cooling Curves and the Laws of Radiation,’ Nature, 1938, vol. 141, 
Feb. 26, p, 368. 
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He appreciated, too, to an extent which he was sorry to believe 
was not widespread, the importance of the author’s observations on 
pp. 163 P, 165P and elsewhere on “ swingbacks”’ in inverse-rate 
curves. By far the greater part of the interpretation possible from 
such curves lay not in the “‘ peaks ” but in a study of the swingback 
after each—its presence or absence, its magnitude and shape. This 
became increasingly true as one passed on from the simple cases 
considered by the author to more difficult ones. 

The author’s equation : 


_ V2TKR + RO? C, 

a KR we 4 

could be brought to bear on the well-known Tammann plot of 
transition times against composition, about which misconceptions 
were current. Tammann, at one time at any rate, thought that the 
resultant plot according to simple theory should be a linear one and 
the statement had been repeated many times. An otherwise autho- 


t 





Arrest Times. 











Composition by Weight. 
Fia. A. 


ritative 1938 publication even implied that the plot gave an invalid 
indication of, say, a eutectic point if the lines were not straight. 
From the equation quoted, combined with an expression for the mag- 
nitude of the arrest heat and apparent specific heat before the arrest 
derived after the manner of the author’s Fig. 21, it could be shown 
that under ideal experimental conditions with, of course, constant 
furnace rate, the plot would be as in Fig. A, the two curves being 
everywhere flatter than a plot of : 





t = kV composition — a constant. 


That part of the author’s deductions to be found on the first half of 
p. 153 p was of great interest in connection with Plato’s ! technique 
for the determination of latent heat. Such theoretical reasoning as 
Plato gave was inconclusive; he justified his procedure experimen- 
tally. A very slight restatement of the author’s findings here 
constituted a theoretical justification, since, for all Plato’s cases, 
R(0, — 6;)(Cy ~ C,), where 0, was the temperature at which the 
specimen curve merged into the backing or base curve, was small 

1 Zeitschrift fir physikalische Chemie, 1906, vol. 55, p. 721; 1907, vol. 58, 
p. 350; 1908, vol. 63, p. 447. 
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compared to L. This justification was, he believed, the first pub- 
lished in writing, though it was given in the honours degree lectures 
at Manchester College of Technology in 1936 and a question on it 
appeared in the honours degree paper in 1937. 

The writer’s extensive concurrence in the author’s findings and 
belief in the quality and soundness of his work was subject to a few 
reservations. A very real admiration for his practical mathema- 
tical ability was tempered by regret for inconsistencies in the use 
of symbols and unconventionality in regard to the sign of quantities 
which made a thorough reading of the paper difficult and might lead 
to serious error should any reader take an equation out of its con- 
text. Although he defined ZL as latent heat in calories per gramme 
and C correspondingly, the author generally, though not always, 
made them stand for mZ and mC. In several places symbols such 
as @ and 0, were used instead of (8 — F) and (0, — F) without ex- 
planation. From the way in which it was used in the first two 
expressions on p. 150 pit could be inferred that Q was of such sign that 
it might be regarded as heat contained in the specimen, but it was 
used on p. 152 P, line 4, with an inferable reversal of sign, suggesting 
that it could now represent heat lost from the specimen. On p. 152 P 
if the two mutually consistent statements : 


Rate of loss of heat = — K(@ — F, + Rt) 
Rate of fall of temperature = Sm a (0 — F, + Rt) 
2 


were taken literally they involved a change in the sign of K as 
defined and previously used, but it was apparent that this was not 
intended, since the author, instead of putting the quite special 
interpretation on equation (3) which would then be required, used 
the face-value interpretation which was only valid if for “‘loss”’ and 
“fall” in the quoted statements “ gain ” and “‘ change ” were sub- 
stituted. On p. 156 P appeared the cryptic statement “‘ The values 
of L and C to be put into the equation are the total latent heat and 
thermal capacity, respectively, of wnit length of the test-piece.” The 
equation given by the author on p. 154 p for the purpose of this section 
was mL = 4KR# + mRCt, presumably a specially chosen variation 
of that on p. 152 Pp. Since, to make the quoted sentence conceivable, 
“total latent heat ”’ must be intended to be (mass x latent heat 
in calories per gramme) and “ thermal capacity”? must mean (mass 
x specific heat), it was clear that the phrase could only apply to the 
form giver on p. 152P: L = 4KR + RCt. By now applying the 
knowledge that for geometrically similar bodies of the same material 
(which ‘was the special case now being considered) mass ~ area was 
proportional to length, the reader to whom it occurred to do so 
could then discover for the first time that the constant of propor- 
tionality K was for unit area of the specimen, that this fact had 
been ignored in all previous equations, and that the K of K = 0-027 
and Table II. were not interchangeable with the K of the equations. 
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The writer believed, however, that nowhere were the author’s 
deductions invalidated by such inconsistencies. 

He believed that he could offer a contribution of a certain value 
to the author’s treatment. His formule were based on an assump- 
tion which could be regarded as founded on Newton’s law of cooling, 
that dh/dt = K(® — F), where h was the heat in calories lost by the 
specimen, K was as used by the author in his equations and 6 and 
F were as defined by him. Newton’s law of cooling was known to 
be an approximation, the nature and amount of the approximation 
were not immediately apparent, and important factors might be 
hidden in the unknown K. Caution was particularly necessary when 
operations such as integration were to be performed. By evalu- 
ating K, such uncertainties were resolved. For vacuum work one 
might write K = K,+ K,, r and ¢ standing for radiation and 
conduction respectively. K, would with any normal arrangement 
be small compared to K,, and in any case its variation with time was 
zero and with temperature small. K,, however, required special 
consideration. Following a method outlined elsewhere (loc. cit.), 
one could write a modern form of the Stephan-Boltzmann law, 
J = ao(T4—T;*), where J was the radiation from the specimen in 
calories per second, o the absolute emissivity of a black body, T' the 
absolute temperature of the specimen, 7'y that of the furnace and 
a was the “‘area-emissivity coefficient between specimenand furnace.” 
It was a function of the areas and emissivities of the specimen and 
furnace surfaces and of these only. It might be elucidated for 
several simple cases, and it was probably true that for no likely 
shape of furnace and specimen would it introduce appreciable error 
to write: a = area of specimen xX a function of the emissivities of 
specimen and of furnace, and furnace area only. 

Since for radiative transfer only : 


dh 
ve (=), 


KA(9 — F) = ao(T* — Ty!) 
K, = ao(T? + 17 y + TT;* + Ty*) 
Hence, the two approximations : 
K, ~ 4aoT®, 
K, ~ 4aoT'p’. 
These were fairly serviceable when 7' and 7’; were large compared 


to their difference. But there was an absolute temperature, say, 
T’,, lying between 7 and 7’ such that it was rigidly true to say : 

K, = 4acT'. 
It was readily seen that 7', was often nearly equal to }(7' + 7'r). 
When integrating a differential equation containing 7', it became 
apparent (7', not now being hidden in K) that its variation must be 
taken into account. If done in the usual ways this commonly 
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gave an unmanageable solution. The difficulty could be got over 
by substituting for 7', a fixed temperature, say 7',, the value of which 
would make the integrated equation exact for any one set of initial 
and final conditions and an approximation the worth of which was 
readily assessed for intermediate conditions. 7', was in fact often 
close to the mean of the initial and fina] absolute temperatures of the 
specimen and furnace during the period considered. The applica- 
bility of any final expression so obtained was always ascertainable— 
often it required no more than a passing thought—by examining the 
effect on it of the likely variation in 7’, or the emissivity coefficient 
of the specimen. It would be found that in application to the kind 
of case in which Mr. Russell was interested no error worth the 
slightest consideration arose except in regard to the emissivity 
coefficient, and to this extent his attempted experimental veri- 
fication was unnecessary. This was, however, definitely not so 
for all cases. In particular the application of theory to cooling 
curves at lower temperatures required serious consideration of 
this point. To cool a 1-cm. cube of a metal having an emissivity 
of } by radiation at 1° per min. would require, if its temperature 
was 1000° C., a furnace temperature only a degree or two lower. 
To cool it at the same rate if its temperature was about 40° C. would 
require a furnace near the absolute zero of temperature ! 

The author’s attempted experimental justification for his as- 
sumption of proportionality in heat loss, the writer believed to be 
open to criticism in three respects. The first arose out of the fact 
just pointed out that K was a function of the emissivity of the 
specimen. Hence K would vary during his arrests unless the 
emissivities of the untransformed austenitic and transformed 
pearlitic surfaces happened to be the same. There would not even 
be any guarantee that K would vary in the same way during the 
author’s three arrests, since one specimen might begin to transform 
on the surface and another in the interior. He (the writer) had 
found effects which could only be ascribed to this. Could suitable 
coatings have been applied to the specimens this possibility would 
have been excluded. The second criticism arose out of his method 
of finding the arrest time. The extrapolation of the “ tail” of an 
arrest as in Fig. 4 to meet the transition horizontal was devised by 
Tammann to secure a well-defined number for use in his plot of 
transition times against composition. In that connection the 
truth of the number arrived at was of no consequence so long as 
any falsity that it contained varied smoothly with the variation of 
latent heat. Its use in connection with an equation such as mL = 
KR 4+ mRCt to evaluate unknown constants appeared impossible 
to justify. A glance at the dotted and full-line curves of Fig. 4, 
using the ideas which the reader would have acquired from dQ/dt = 
K(Rt + (RC,/K)), would show that the times so obtained were 
greater than those which would have been obtained had the re- 
action proceeded isothermally. A discussion too long to give here 
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could be made to indicate that, except by unlikely chance, the 
increases were probably not such as to make the times valid even 
for proving the constancy of K. Also it was strongly suggested by 
the curves of Fig. 4 that the author’s furnace did not cool in the 
same way during the three arrests. This was to be expected if, as 
was usual, his evacuated silica tube was of the translucent type and 
air-spaced from the furnace walls. It would then be appreciably 
affected by the heat transfer from the specimens, and, worse, 
differently so in each case, since the heats evolved differed by about 
400 calories as between specimens 3 and 5. The effect, which had 
been observed frequently in the writer’s laboratories, was so real in 
such cases as to make any results secured by applying equation (1) 
very rough indeed unless appropriate arrangements were made. 
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The writer could not agree with the author’s statement on p. 154 P 
that it was impossible “to compare even approximately the total 
quantities of heat evolved from the areas under the peaks (of an 
inverse-rate curve) although the curves may be taken under identi- 
cally the same conditions.” The Rosenhain! variation of the 
Tammann plot using the area of the peak on an inverse-rate curve 
did in fact work very well for large and fairly large heat quantities. 
The three full-line calculated curves of Fig. 3 were not for identical 
conditions, in that one exceedingly important experimental con- 
dition, the cooling rate of the furnace, was made to vary through a 
ratio of six to one! The author’s curves rightly regarded did in 
fact show the very possibility he denied. One might compare any 
dotted peak (for L-= 1) with any corresponding full-line peak (for 
L = 20-5). From: 

, = VIERET RG? _ 0, 
KR K 
1 Proceedings of the Physical Society, 1908, p. 180. 
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a very rough but simple approximation was obtained by assuming 
L to be large, when the expression could be written : 

tz kVv, 
so that the areas of the peaks (which were virtual arrest times) 
should be in a ratio of about 44:1. This would on measurement 
be found to be roughly true in all three cases. 

He was not sure that he saw all the implications of the author’s use 
on pp. 158 p and 159 P of the phrase “‘ (if) the phase boundary line is 
straight.” Case 1(b), then being considered, was defined in the first 
two sentences referring to it and by Fig. 5(a), which showed a linear 
relationship between temperature and, by inference, proportions of 
aand 8. To provide such a case would require for a binary system 
a thermal equilibrium diagram with essential features as in Fig. B. 
To satisfy the author’s Fig. 5(a) and the opening treatment required 
that pq and rs should be a pair of curves with a special relationship, 
a particular case of this relationship being that in which they were 
both straight and were parallel. This necessarily being assumed, 
he did not see the force of a later insistence on a qualification in 
some ways more and in some ways less rigorous. 





AUTHOR'S REPLY. 


Mr. RussEt1, in reply, thanked Mr. Bucknall and Mr. Handford 
for their contributions to the discussion on his paper. Mr. Bucknall’s 
contribution left the impression that the whole paper had not been 
read, and some of the objections raised by Mr. Bucknall had been 
dealt with excellently by Mr. Handford. 

Mr. Bucknall took exception to the left-hand peak found at the 
end of a reaction at constant temperature (Fig. 2(c)) or at the end 
of the reaction which took place over a range of temperature (Fig. 
10(c)), but Mr. Handford “ appreciated, too, to an extent which 
he was sorry to believe was not widespread the importance of the 
author’s observations on pp. 163 Pp, 165 Pp and elsewhere on ‘ swing- 
backs ’ on inverse-rate curves.” 

Could Mr. Bucknall deny the existence of these ‘‘ swingbacks ” 
if he examined carefully the many curves—notably Figs. 110 to 115 
—of the paper1 of which he was joint author? What was the 
object of Mr. Bucknall’s saying ‘‘ What Mr. Russell regarded as a 
leftward bulge, but was probably a second projection to the right, 
&c.,” when the paper gave experimental proof, Figs. 17 and 18, that 
the bulge was to the left ? 

Mr. Bucknall also stated ‘‘ There might be some temptation to 
regard the specific-heat measurement made by Dr. Sykes on steel 
No. 10 as supporting Mr. Russell’s contentions, . . . but this inter- 


1 Second Report of the Alloy Steels Research Committee, Section IX. (2), 
pp. 187-191, Iron and Steel Institute, 1939, Special Report No, 24. 
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pretation was not correct.”” On the other hand, Dr. Sykes said 
that the interpretation was correct. Finally, Mr. Bucknall stated 
that he was definitely of the opinion that the inverse-rate curves of 
this steel (No. 10) did not bear the interpretation put on them by 
the author. The expression of an opinion unaccompanied by a 
logical reason was not very helpful; no logical reason for this 
opinion could be found in Mr. Bucknall’s contribution. 

The author would like to thank Mr. Handford very sincerely for 
his valuable contribution and particularly for his further elucidation 
of various points. He was pleased to note that in spite of incon- 
sistencies in the paper in the use of symbols and unconventionality in 
regard to the sign of quantities, Mr. Handford believed that nowhere 
were the author’s deductions invalidated by such inconsistencies. 

The use of the Stefan-Boltzmann law of radiation instead 
of the simpler Newton’s law had been considered and abandoned 
because of its complications and a feeling, which was shared by 
Mr. Handford, “ that in application to the kind of case in which 
Mr. Russell was interested no error worth the slightest considera- 
tion arose except in regard to the emissivity coefficient.” He 
could, however, not quite agree that his attempted experimental 
verification was unnecessary. His experiments were really an 
attempt to verify the formula for the time of reaction and hence to 
verify the simple assumption from which it was derived. He 
agreed that the experimental difficulty gave rise to two of the 
objections raised by Mr. Handford, and the difficulty of extrapolating 
the “tail”’ of the curve had been emphasised in the paper. A 
further series of tests on Swedish steel of approximately eutectoid 
composition, kindly supplied by Mr. Henshaw, gave such a large 
amount of undercooling that the experiments were abandoned. 

He was sorry that Mr. Handford could not agree with the author’s 
statement on p. 154P that it was impossible “‘ to compare, even 
approximately, total quantities of heat evolved from the areas under 
the peaks (of an inverse-rate curve) although the curves may be taken 
under identically the same conditions.” He did not want to alter 
one word of that sentence, for the context clearly showed that the 
ratio of the amounts of heat evolved could not be determined by 
a direct comparison of the areas. Any area bounded by the datum 
line and an inverse-rate curve was a measurement of a “ time ”’ as 
stated on p. 153 Pp, and unless the formula given in equation (1) or 
some approximation to it was used the relative quantities of heat 
evolved could not be evaluated. 

He sincerely hoped that Mr. Handford would soon be ready to 
publish a more detailed account of his work and particulars of the 
new techniques for obtaining thermal curves which were being 
developed at the Manchester College of Technology. 
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NICKEL-IRON-ALUMINIUM PERMANENT- 
MAGNET ALLOYS.* 


By WALTER BETTERIDGE, B.Sc., Px.D., A.Inst.P. (BRISTOL). 


SUMMARY. 


The magnetic properties and the conditions for the heat treatment 
of nickel-iron-aluminium magnet alloys have been systematically 
investigated for the simple ternary alloys, for alloys with additions of 
copper, and for the cobalt-containing alloys of the ‘‘ Alnico’’ type. 
The variations of the magnetic properties and the optimum heat 
treatment with the composition are given in a series of diagrams. 
It is shown that the presence of carbon is very deleterious. Finally, 
an account is given of several investigations into the cause of the 
high coercivity of the alloys by X-ray diffraction methods, 


INTRODUCTION. 


UntiL about twenty years ago the best materials available for use 
as permanent magnets were the chromium and tungsten steels, but 
in 1917 Honda and Takagi announced the discovery of a cobalt 
steel possessing much superior properties. Such steels were not 
developed for some years, chiefly on account of the high cost of the 
alloy, but later they came into fairly general use, cobalt contents 
of 9, 15 and 35% being adopted as standard. In 1932 Mishima ‘” 
obtained a patent for an alloy of iron, nickel and aluminium giving 
properties superior to the best cobalt steels and being considerably 
cheaper. The chief characteristic of this alloy is a much higher 
coercive force, about 500 oersted, than that of the earlier steels. 
Several modifications of the basic nickel-iron-aluminium alloy 
have been proposed, but the only one which is in general use, in 
Great Britain at any rate, is one in which an addition of cobalt is 
made. 

Other alloys of high coercivity proposed for use as permanent 
magnets in recent years are the iron-cobalt-tungsten and iron- 
cobalt-manganese alloys of Késter,” the new K-S steel, an alloy 
of iron, cobalt, nickel and titanium discovered by Honda, and the 
nickel-copper-iron alloys of Neumann, the latter being unique 
among the precipitation-hardening alloys in being mechanically 
soft and easily machinable—a valuable property in certain cases. 
The powdered-oxide magnets discovered by Kato and Takei‘® are 
interesting and are valuable in some instances, but are rivalled in 


* Received August 11, 1938. 
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their field by the pressed powders of the nickel-aluminium series 
held together with a plastic. The latter have the high coercive 
force of the solid alloys, but the breaking of the magnetic circuit 
by the binding medium reduces the remanence by about 50%. 
Only of theoretical interest at present are alloys of platinum with 
iron and cobalt, which have the best permanent magnetic properties 
yet discovered, coercive forces as high as 2600 oersted being 
recorded. ? 

Papers covering the general field of permanent-magnet materials 
have recently been published by Neumann‘® and by Webb, and 
excellent bibliographies are attached in each case. 

The nickel-aluminium alloys and those derived from them are 
the only ones of the modern alloys which have come into general 
use, and much development work has been carried out on them. 
Several publications dealing with their properties from both practical 
and theoretical aspects have appeared, and the present paper 
is an attempt to embrace the results which have already been 
published with much original work which was carried out in the 
years 1933-1936 in the laboratories of Messrs. Joseph Lucas, Ltd. 

The original Mishima patents were wide in scope, and included 
alloys of iron, nickel and aluminium with or without additions of 
several other metals, the chief effect of which was to refine the grain. 
A typical ternary alloy was quoted as having the following 
composition : 63% of iron, 25% of nickel and 12% of aluminium, 
and values of remanence up to 10,000 gauss and of coercive force 
up to 700 oersted were claimed. More accurate measurements of 
the magnetic properties showed later that the highest remanence 
normally obtainable is in the region of 7000 gauss, but, even so, 
the alloys show a considerable improvement over previous 
permanent-magnet materials. Early publications on the alloys 
stated that the properties were obtained with the material in the 
cast condition, only a stabilising heat treatment at 400-700° C. 
being suggested. The work of Késter“? and also of Messkin, 
Somin and Margolin ‘!” led to the suggestion that the alloys attained 
their high magnetic hardness by a process of precipitation-hardening 
(the theory is further developed by Steinhaus and Kussmann “), 
and this led to the investigation of heat treatments following the 
usual line of such processes, namely, a quench from above a 
critical solution temperature followed by reheating to a lower 
temperature to induce hardening by precipitation. The results of 
Messkin and Somin‘! showed that the size of the magnet had a 
great influence on the magnetic properties attained in the as-cast 
condition, the optimum size depending on the composition of the 
alloy; this indicated that there was an optimum cooling rate for 
each alloy. Indications of the effect of composition on the correct 
cooling rate were deduced from the results, and also the general 
principles of heat treatment were established, but it was concluded 
that, in general, better results were obtained in the cast condition 
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than by subsequent quenching and tempering. Work by 
Pélzguter 15 extended the knowledge of the heat treatments and 
established that in some cases, particularly with lower aluminium 
contents, heat treatment considerably improved the magnetic 
properties. 

The reports of all workers agree in finding that the mechanical 
properties of the alloys are poor, the metal being hard and brittle 
(Rockwell C 45-50), and unworkable except by grinding. Forging 
is not possible, attempts at this resulting in the metal crumbling 
into its individual grains. When fractured, the metal shows a 
coarse granular structure, the coarseness depending to a large 
extent on the temperature at which the metal was cast. 


Following much preliminary work mainly on samples cast in 
chill moulds of cast iron, which agreed with the results of other 
workers in indicating that the cooling rate has a profound influence 
on the subsequent magnetic properties, it was decided to explore 
fully the most favourable region of composition, varying the nickel 
content between 23 and 29% and the aluminium content between 
8 and 17%. Magnets cast in sand moulds have initially poor 
magnetic properties, but are mechanically superior to chill-cast 
samples, the latter, unless of compact shape, having a tendency 
to crack in the moulds. The magnetic properties of sand-cast 
samples can, however, be improved so as to be better than those of 
chill-cast ones by reheating to a temperature in the region of 1100° C. 
and quenching either in an air blast or, better, in hot water. The 
temperature of the water, controlling as it does the cooling rate of 
the sample, influences the magnetic properties, and an optimum 
temperature to give the best results can be found. After such a 
quench, controlled so as to give the best results, a magnet can be still 
further improved by reheating to a temperature in the region of 
600-700° C. for a period of 1-5 hr., the improvement being chiefly 
confined to the remanence; excessive tempering results in a 
reduction of the coercive force. Sand-cast magnets treated in 
this way have a remanence about 10% greater than can be 
obtained by chill-casting. 

The investigation of the properties of the alloys was conducted 
under three headings : 


(1) Determination of the critical quenching temperature, 
1.€., the temperature above which it is necessary to heat a magnet 
before quenching. 

(2) Determination of the optimum cooling rate in the 
quench. 

(3) Investigation of the effect of tempering and the 
determination of the maximum magnetic properties. 
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PREPARATION OF THE ALLOYS. 


The melting of the alloys was carried out with a 20-lb. high- 
frequency furnace of the Ajax-Northrup type operated by a spark- 
gap and condenser generating set. Sillimanite crucibles were used 
and the metals were melted in the air with no special precautions 
to prevent oxidation. The component metals used were Armco 
iron, commercially pure aluminium, and Mond nickel pellets. The 
alloys were cast at 1550-1600° C. in sand moulds in the form of 
rectangular blocks measuring approximately 44 x 37 x 18 mm., 
which dimensions were adopted as the standard size of test-piece. 
All the alloys were analysed chemically, and a comparison with 
the charged compositions showed that in general a gain of aluminium 
of 0-3-0-5% occurred at the expense of the iron, the nickel remaining 
very close to the charged percentage. In addition, a silica content 
of 0-06-0:23% was detected. 


MaGnetic MEASUREMENTS. 


The magnetic properties were determined with a magnet 
testing apparatus,* in which the magnet under test supplies 
the field for a small generator, the armature of which consists of a 
rotating iron disc, and the demagnetising field is applied by a coil 
surrounding the magnet. The direction of magnetisation was 
always parallel to the longest dimension of the standard sample. 
A magnetising field of 3000-4000 oersted was used, higher fields 
being found to give no improvement in the measured properties. 
For each sample the values of remanence, coercive force and BH pax. 
were determined, the latter being the maximum product of the flux 
density and the applied field as the demagnetisation loop is traversed. 
It has been shown by Evershed ® that the value of BHyax, 18 a 
measure of the available energy of a magnet, and in the following 
work it has been taken as the figure to consider in choosing the 
best magnet of a series. There was a probable error of 1% in the 
coercive-force measurements and of 2% in the values for the 
remanence and BH,,,x,. The instrument was arranged to measure 
4nJ, the flux in the magnet due to its own ferromagnetism, and not 
B, the total flux, but the figures quoted have all been converted to 
correspond to the total flux. For the earlier magnet steels the 
difference between 4xJ and B was small compared with the total 
flux, but for modern alloys with high coercive forces the difference 
is important. 


CRITICAL QUENCHING TEMPERATURE. 


The critical quenching temperature was located for each alloy 
by quenching samples from temperatures at intervals of 50° C. in 


* British Standards Institution Specification No. 406—1931. 
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water at 75° C., which temperature gives a favourable cooling 
rate, if not the optimum, for a sample of the standard size. The 
magnetic properties of the quenched samples were measured, and 
these clearly indicated whether the temperature from which each 
sample was quenched was above or below the critical value, since 
the properties were reasonably constant, the remanence being 
particularly so, when quenched from above the critical temperature, 
but irregular and much poorer when quenched from below. The 
temperatures were plotted in the form of a solid diagram of the 
usual type for a ternary alloy, and vertical sections of this diagram 
along planes of constant nickel content are reproduced in Fig. 1. 
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Fic. 1.—Critical Quenching Temperature for Fe—Ni—Al Alloys. 


A microscopical examination showed that on crossing the boundary 
a marked change in structure occurred, those samples quenched 
from above the critical temperature showing in all cases a uniform 
solid solution, whilst in those quenched from below a duplex 
structure was observed. As mentioned later, this duplex structure 
is easily resolved into two phases in the case of alloys with a critical 
temperature in the region of 1200° C., but is much finer and not 
clearly resolvable in the case of those alloys for which the 
temperature lies in the horizontal portion of the curve at approxi- 
mately 1000° C. The curves of Fig. 1 agree reasonably well with 
the boundary between the « phase and the region in which « and y 
phafes co-exist, as determined by Késter,1? who investigated the 
constitution of alloys of nickel, iron and aluminium. Késter’s 
research covered a much wider field than that being described, 
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and consequently he made fewer observations in the restricted 
region, and did not, therefore, observe the inflection in the boundary 
shown in Fig. 1, but made his boundary fall uniformly between 
8 and 15% of aluminium; this point is, however, further discussed 
when considering the results of the X-ray examination of the alloys 
made by Bradley and Taylor. 


Ortimum CooLine Rate. 


Before determining the optimum cooling rate for each alloy, 
an investigation was made to find to what extent the cooling rate of 
a sample of the standard size depended on the temperature of the 
water-bath in which it was quenched. A sample was cast with a 
hole 4 mm. in dia. through its centre and parallel to its longest 
dimension, in which a base-metal thermocouple was inserted with 
its junction at the centre of the block and the wires emerging in 
opposite directions; except at the actual junction, the wires were 
insulated from the sample with silica tubing, and the holes were 
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stopped up with fireclay to prevent the entrance of water. A 
quickly responding instrument was used to indicate the temperature, 
and a record of the cooling curve was made by interrupting the trace 
of a pencil on the surface of a rotating drum as the indicator passed 
each 50° C. of the scale. The bath used for quenching the sample 
consisted of a tank, 1 ft. by 2 ft., containing 10 in. depth of water, 
and the sample was supported in a wire basket 6 in. below the 
surface of the water, which was not stirred in any way, the only 
agitation being due to convection. The sample containing the 
thermocouple was heated to 1100° C., and when the temperature 
indicator was steady the sample was quenched in the water at the 
selected temperature, and the rate of fall of temperature was recorded 
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onthe rotating drum. The curves obtained in this manner, although 
not quite straight lines, showed that the temperature of the sample 
fell at a fairly uniform rate over the entire range. The slope of each 
curve at 1000° C., which temperature is close to the critical 
temperature for the most useful of the alloys, is plotted against the 
water temperature in Fig. 2. This diagram shows that the rate 
of cooling measured at the centre of the standard-shaped block is 
fairly accurately controlled by the temperature of the water-bath, 
so long as the conditions, such as the depth of water and stirring, 
are kept constant. 
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245%; Al, 12:7%; SiO,, 008%. 


The optimum cooling rate for each alloy was determined by 
quenching a series of samples from above the critical temperature 
and varying the temperature of the quenching bath by 5° C. from 
sample to sample. Fig. 3 shows the effect of this variation on the 
magnetic properties of a typical alloy. It is to be noticed that 
an increase of the water temperature, i.e., a decrease of the cooling 
rate, reduces the remanence but increases the coercive force, so that 
the value of BH,,,.,, Which is of course closely related to the product 
B, x H,, rises to a maximum at what is taken as the optimum 
water temperature for that alloy. By plotting in a similar manner 
the magnetic characteristics of the quenched samples against the 
water temperature, the optimum temperature was determined for 
each alloy, and was converted to the equivalent cooling rate at 
1000° C. by the curve shown in Fig. 3. Since the cooling rate is fast, 
the rate measured at the centre of the sample will not be followed 
at all points—the outer layers of the sample in contact with the 
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Fic, 5.—Tempering Curves for a Sample Quenched from 1100° C, in Water 
at 75°C. Composition: Fe, 61-4%; Ni, 26.4%; Al, 125%; SiO,, 0-11%. 


40 : y T 
8 
NS 
& 
G 3Or 4 
9 
9 
ta Nickel 
3 Or Percentage 
x 
g 
2 
8 
/O}- 
1 1 1 I 1 1 1 
ro 2 / // 2 2 [4 S 6 


BHmex. x fO-, 


BETTERIDGE : NICKEL-IRON-ALUMINIUM 





T T 
















Aluminium. %. 


Fic. 4.—Optimum Cooling Rate of Fe—Ni-Al Alloys, 














1-40 | T T T Lj 
BHimax. — 48000 
120 F 
c 47000 
Br 
_—_——— i 
100 Fr ‘ ail 
ok —6000 
O'8Or 
Se ‘“ 
ee aetna, 
0-60 
1! i 1 1 ! 1! 4000 





Oo / 2 3 4 >. 6 7 
Time at 650 °C. Hr. 


Remanence. Coercive Force x /O. 





wat 
coo 
rate 
wel! 
cor 


wer 
The 
dou 
as i 
to f 
obse 
of ¢ 
that 
allo’ 
alur 
perc 
nece 


Err 


rate: 
most 
men 
alth 
max 
to o 
BH, 
a tin 
heat 
cour 
and 

magi 
with 
the 1 
passe 
quen 


quick 
after 
with 
rises 
reacl 


it wa 





were 


PERMANENT-MAGNET ALLOYS. 195 P 


water will cool more quickly than the inside. The true optimum 
cooling rate for each alloy will therefore be rather faster than the 
rate determined at the centre of the sample, but this latter serves 
well for the investigation of the variation of cooling rate with the 
composition. 

The optimum cooling rates determined in the manner described 
were plotted against the composition in the form of a solid figure. 
The errors in the individual determinations were fairly large, no 
doubt owing to the fact that the maximum in the value of BH,,,.., 
as is seen in Fig. 4, is not very sharply defined, but it was possible 
to form a smooth surface which embraced reasonably closely all the 
observed values. Vertical sections of this surface, parallel to planes 
of constant nickel content, are reproduced in Fig. 5. These show 
that the main factor controlling the optimum cooling rate of an 
alloy is the aluminium content, those alloys containing more 
aluminium requiring to be cooled more slowly. The nickel 
percentage has a somewhat smaller effect, higher nickel contents 
necessitating faster cooling rates. 


Errect oF TEMPERING AND DETERMINATION OF MAXIMUM MAGNETIC 
PROPERTIES. 


The samples used in the determination of the optimum cooling 
rates were all tempered at 650° C., which had been found to be the 
most suitable temperature, since at lower temperatures the improve- 
ment in properties was not so great, whilst at higher temperatures, 
although no greater improvement in properties was obtained, the 
maximum was reached in a shorter time and it was impracticable 
to obtain reliable tempering curves, e.g., at 700° C. the maximum 
BH,,.x, value was reached in about 30 min., which was too short 
a time when compared with the 15 min. required for the sample to 
heat through from ordinary temperatures. At intervals during the 
course of the tempering the samples were removed from the furnace 
and cooled to ordinary temperatures in order to measure the 
magnetic properties. In this way the variation of the properties 
with the duration of the tempering was determined for each sample ; 
the tempering was always continued until the value of BH,,;, had 
passed its maximum. Typical tempering curves for a sample 
quenched at the optimum rate for that composition are shown in 
Fig. 5. The remanence is seen to increase by about 10% fairly 
quickly and then to remain constant. The coercive force, however, 
after a small inflection which was not always observed, falls steadily 
with an increase of tempering time. The value of BH,,.., therefore 
rises to a maximum and falls off again, the maximum usually being 
reached in 3-4 hr. 

_ By examining the tempering curves of all the samples of one alloy 
it was possible to select the best magnetic characteristics for that 
alloy and to specify the treatment required to produce them. The 
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tempering did not in any case change the optimum cooling rate of 
an alloy, i.e., after tempering, the best magnet of a series was always 
the one which had the best properties after quenching, although 
the tempering produced a greater improvement in the properties 
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Fic. 6.—Remanence of Fe—Ni-Al Alloys. 
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Fia. 7.—Coercive Force of Fe-Ni-Al Alloys. 


of a magnet which had been quenched at a rate faster than the 
optimum, the coercive force in such a case improving before falling off 
again. 

The maximum magnetic properties of each of the twenty-six 
alloys were determined from the tempering curves, and solid models 
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were prepared to represent the variation of remanence, coercive 
force and BH,,,,, with composition. The values of the remanence 
and coercive force plotted in this manner were not the maximum 
values of these properties considered independently, but those 
associated with the maximum value of BH,,,... The solid diagrams 
were surveyed, and contour lines derived from them gave the 
results shown in Figs. 6 to 8. Fig. 6 indicates that the remanence 
is not very much dependent on the aluminium content of the alloy, 
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but is largely controlled by the nickel content, being greater for 
lower percentages. The coercive force, on the other hand, as is 
shown in Fig. 7, depends very much on the aluminium content, 
reaching a maximum for alloys containing about 13% of this metal ; 
the nickel content also influences the coercive force but in an opposite 
direction to the remanence, a higher percentage producing a higher 
coercive force. The combined effect of these variations is to 
produce the variations of BH,,,,, shown in Fig. 8, a maximum being 
obtained for the alloy of the composition iron 60-4%, nickel 26-7% 
and aluminium 12:9%. The magnetic properties of this alloy, 
after being quenched from 1100° C. at a rate of about 28° C. per 
sec. at 1000° C. and then tempered at 650° C. for 4 hr. are : 


Remanence . : , . 6,900 lines per sq. cm, 
Coercive force : ; : 518 oersted. 
: ‘ 1-35 x 10°. 


max, °* 


EFFEectT OF CARBON. 


Mishima’s patent specification suggested that a carbon content 
up to 15% might be permissible, but this has not been found to be 
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true, for even a very small addition of carbon causes a considerable 
drop in the magnetic properties. The effect was investigated by 
making additions of carbon up to a maximum of 1:5%. The 
standard composition adopted was iron 60-5%, nickel 265% and 
aluminium 13-0°%, and additions of carbon were made by replacing 
some of the Armco iron by white iron containing approximately 
4% of carbon. The additional carbon therefore reduced the iron 
content only, the nickel and aluminium contents remaining constant. 

Five alloys were prepared and examined in exactly the same 
manner as the carbon-free alloys. The critical quenching 
temperature was not found to be at all sharply defined for alloys 
with more than 0-14% of carbon, the magnetic properties increasing 
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Fia. 9.—Effect of the Carbon Content on the Magnetic Properties of 
Ni-Al-Fe Alloys. 
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slowly with the quenching temperature even up to 1350° C., at which 
temperature the solidus had been passed for alloys with the highest 
carbon contents. Microscopic examination of the quenched samples 
showed that a single phase had not been attained at 1350° C. in 
alloys with more than 0-14% of carbon, the additional phase 
being present at the grain boundaries of the normal « solid solution. 
This of course prevents the attainment of good magnetic properties, 
and it will be seen from Fig. 9 that rapid deterioration sets in with 
an increase of carbon content. 

The magnetic values plotted are those corresponding to the 
highest value of BH,,,x, attainable after quenching in water at the 
optimum temperature and tempering at 600° C. It is clear that 
every effort must be made to keep the carbon content as low as 
possible, but it has been stated that a small addition of titanium, 
about 0-3%,- is helpful in overcoming its deleterious effects, 
presumably by taking the carbon into solution in the « phase. 
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ADDITIONS OF COPPER. 


A usual practice in the production of these magnet alloys is to 
make an addition of approximately 5% of copper, which increases 
the remanence to some extent. An examination of the properties 
of alloys containing varying copper contents was made, two lines 
being followed, the first in which the aluminium content was main- 
tained as close to 13% as possible, and the second in which variations 
in the aluminium content were made, the copper content and the 
ratio of the nickel to the iron remaining constant. 

Twelve alloys were prepared with copper contents varying 
between 2 and 15% and nickel between 18 and 25%, the aluminium 





es 
Nickel. %. 
Fia, 10.—Remanence of Ni-Al-Cu-Fe Alloys with 13% of Aluminium, 


in all cases being between 13-0 and 135%. These alloys were 
examined in exactly the same manner as the ternary alloys, the 
critical quenching temperature, optimum cooling rate in the quench 
and the correct period of tempering being determined for each 
cast. 

The critical temperature was found to be only slightly affected 
by the presence of the copper, being reduced by about 50° C. from 
the value for a corresponding copper-free alloy, but the optimum 
cooling rate was definitely decreased, a quench in water at 90—100° C. 
being found to be the most satisfactory for standard-sized samples 
of all the alloys, compared with 70° C. for an alloy containing 26% 
of nickel, 13°4 of aluminium and no copper. It was also found 
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that in all copper-containing alloys the tempering process proceeded 
more easily than in the ternary alloy, and a temperature of 550° C. 
was used, since it gave better control of the process than a higher 
temperature with a necessarily shorter period; 3-5 hr. was found 
to be the best duration of the tempering at 550° C. 

The maximum magnetic properties were plotted in the form of 
a solid diagram for a ternary alloy, the three variable constituents 
being nickel, iron and copper, and contour lines of these diagrams are 
reproduced in Figs. 10 to 12. It will be seen that the most efficient 























Nickel. %. 
Fia. 11.—Coercive Force of Ni-Al-Cu-Fe Alloys with 13% of Aluminium. 


alloy has the composition iron 59-5%, nickel 24-:0%, aluminium 
13-0% and copper 3-5%, the magnetic properties obtained being : 


Remanence . ° . - 7,350 lines per sq. cm. 
Coercive force . . . 465 oersted. 
BH iss. - : ° 1:50 x 108, 


The properties were realised va quenching a standard-shaped sample 
from a temperature above 950° C. in water at 95° C. and tempering 
at 550° C. for a period of 4 hr. 

It will be seen from these figures that the effect of the addition 
of copper is entirely to improve the remanence—an increase of 
approximately 7% being obtained. 

The second series of copper-containing alloys was made with the 
object of obtaining an alloy which would give good magnetic 
properties after cooling in air, the need for which is felt in castings 
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Fia. 12.—BH ax. of Ni-Al-Cu-Fe Alloys with 13% of Aluminium, 
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Fra. 13.—Air-Cooled Alloys containing 4-5% of Copper. Ratio of Nickel 
to Iron Contents, 24-0 : 59-5. 
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of a complicated shape, which tend to crack very easily on quenching 
in water. An increase of aluminium in the ternary alloys was 
found to require a slower cooling rate, and it was felt that the 
further reduction in cooling rate necessitated by the addition 
of copper would probably give a satisfactory alloy. Alloys were 
prepared with the aluminium varying between 11 and 16-5%, 
the copper being constant at 4:5% and the nickel-to-iron ratio 
being 24-0: 59-5. By determining the most favourable cooling 
rate for each alloy of this series the optimum aluminium content 
was found to be 13-5%, which agrees with the value found for the 
ternary alloys, but by cooling samples in still air the magnetic 
properties shown in Fig. 13 were obtained, from which it is seen 
that quite satisfactory magnetic properties are obtained with 
aluminium contents between 14 and 16%; but great care must be 
taken not to exceed 16%, otherwise a rapid decrease in coercive 
force sets in. The properties plotted were obtained by tempering 
for 4 hr. at 550° C. after the air-quench. The air-cooling alloy is, of 
course, only of value for magnets of complicated shape which 
would crack when quenched in water, since the value of BH,,,;. 
obtainable is some 15% lower than the best which can be attained 
by hot-water quenching. 


NIcKEL-IRON-ALUMINIUM-COBALT ALLOYS. 


Magnets of nickel-iron-aluminium-cobalt alloy with or without 
additions of copper are marketed under the name “ Alnico” 
and have somewhat better properties than the simpler nickel- 
aluminium alloys. An exploration of this series of alloys was 
also made, but not so exhaustively as for the other alloys, 
on account of both the greater number of different alloys necessary 
with a five-constituent system and also of the greater cost 
of the alloys. In all some 63 different alloys were prepared with 
compositions in the following ranges: Nickel, 16-26%; cobalt, 
4-5-16-5%; aluminium, 7-13%; copper, 5%; remainder, iron. 
Many of the casts prepared were of only 500 g. weight, four samples 
measuring 12 x 21 x 42 mm. being obtained, but these were 
found to be sufficient to give a good indication of the magnetic 
value of an alloy, even if a complete examination of its characteristics 
was not possible. 

It was found that all these alloys needed to be quenched from a 
much higher temperature in order to preserve a single-phase 
structure, and hence to obtain good magnetic properties, than the 
cobalt-free alloys, 1200° C. being generally high enough, but 1250° 
or even 1300° C. is required as the nickel content increases above 
20% and with aluminium less than 11%. This introduces a 
difficulty in practice, for the alloys are less heat-resisting, and with 
the higher temperatures a considerable loss in the form of scale may 
occur on heat treatment if suitable precautions are not taken to 
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keep a reducing atmosphere present. If the aluminium content is 
allowed to fall as low as 8% it is impossible to obtain a single-phase 
alloy, even chill-cast samples showing the presence of two phases. 

The optimum cooling rate was not determined accurately for 
each alloy, but those in the most favourable region of composition 
were sand-cast to the standard size (44 x 35 x 18 mm.) and the 
usual survey of cooling rates was made. It was found that for 
alloys in the range of composition 20-23% nickel, 9-11% aluminium, 
10% cobalt and 5% copper, a water-bath temperature of 90-95° C. 
is best, there being a tendency to slower cooling rates with increasing 
nickel content. Variation of the cooling rate for any one alloy has 
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Fig. 14.—Remanence of Alnico Alloys with 10% of Cobalt and 5% of 
Copper. 


the same effect as that observed for the nickel-aluminium alloys, 
viz., faster rates give higher values of remanence and slower rates 
increase the coercive force. The effect of the succeeding tempering 
at 650° C. is, however, somewhat different, for little or no increase in 
remanence is observed, whilst a considerable increase in coercive 
force is obtained, particularly in those alloys which have been more 
quickly cooled in the quench. As a consequence of this the best 
magnet of a series after quenching is not, in general, still the best 
after tempering—one which has received a faster quench becoming 
superior on account of its greater increase in coercive force. 

It is difficult to indicate graphically the variation of the magnetic 
properties with the composition of such a complex alloy, but Figs. 
14 to 16 show the values of the remanence, coercive force and 
BH.,,,x, for alloys with a constant cobalt content of 10° and copper 
5%. The effect of varying the copper content was not investigated, 
but in the absence of copper high values of remanence are not 
obtained; an increase of the cobalt percentage within the range 
examined produces an increase of the coercive force with a corre- 
sponding increase in BH,,,,, and little change in the remanence; 
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the rate of increase, however, falls off at the higher cobalt 
percentages, so that it is economically unsound to use more than 
about 10-12%. From the curves of Figs. 14 to 16 it is seen that an 
alloy containing cobalt 10%, copper 5%, nickel 23% and aluminium 
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Fie. 15.—Coercive Force of Alnico Alloys. 


10% will have the highest value of BH,,,x,, namely, 1-80 x 108, the 
remanence being 7350 lines per sq. cm. and the coercive force 
625 oersted. The correct heat treatment to obtain these figures 
with the standard-sized sample is a quench from 1300° C. in water 
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Fie. 16.—BH ax, of Alnico Alloys. 


at 90° C. followed by tempering for 2-4 hr. at 650° C. From the 
investigations made it seems possible that an increase of the nickel 
content above 23% would produce even higher values of BH pax. 
than those recorded, but no investigations have so far been made 
in that region. 
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Tue Cause or HiagH CorrcrvE Force. 


In considering the properties of these alloys from the theoretical 
viewpoint, the chief problem is to account for the exceptionally 
high coercive force. A satisfactory and complete theory of coercive 
force has not yet been formulated, but it is well established that in 
many cases it is associated with distortion of the ferromagnetic 
crystal lattice by the precipitation or tendency towards precipitation 
of a second phase. Wood and Wainwright ‘4® made an X-ray 
examination of tungsten magnet steels, and they showed that 
in the condition of greatest coercive force the « lattice is considerably 
distorted, but that when the steel is spoiled by incorrect heat 
treatment, the tungsten and carbon combine together and leave 
the « lattice of the iron undistorted. Several investigations have 
been made on the nickel-iron-aluminium alloys by X-ray diffraction 
methods with the object of linking up the coercive force and lattice 
distortion, with somewhat varying results. Glocker, Pfister, and 
Wiest found no difference between the crystal structure of a 
rapidly-cooled sample with a low coercive force and that of a tempered 
sample with the maximum coercive force, the breadth of the 
diffracted lines being constant and therefore revealing no lattice 
strain. Only by tempering for a long time at a higher temperature, 
reducing the coercive force considerably, could line-broadening 
and indications of the precipitation of a second phase be discovered— 
this was the y or face-centred cubic phase. They concluded that 
the high coercive force was caused by precipitation-hardening, with 
the maximum value occurring before actual precipitation. 

Werestschiagin and Kurdjumov found the presence of a 
superlattice and stated that the coercive force did not depend on 
the presence of dispersed particles thrown down from a super- 
saturated solid solution, but was governed by reactions which 
occurred in the solid solution before the separation of the y phase. 

Burgers and Snoek®! examined very small single-crystal 
samples, and by rapid quenching were able to commence their 
observations on samples with a coercive force as low as 6 oersted. 
They were able to detect line-broadening in all cases in which 
the coercive force differed appreciably from the lowest value, but 
this broadening was of a type which could be explained by the 
presence of a second « lattice with a slightly larger parameter than 
the parent lattice, general broadening, more characteristic of elastic 
strain of the lattice, only appearing after the sample had been 
tempered beyond the point of maximum coercive force. Burgers 
and Snoek again reported the presence of a superlattice of the 
FeAl type in all cases, and could only find the presence of a y phase 
after heating to a high temperature and destroying the coercive 
force. They also concluded that in the condition of maximum 
coercive force the separation of the y phase had only reached a very 
preliminary stage. 
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The investigations of Bradley and Taylor °” have led to the 
suggestion of a somewhat modified constitutional diagram for the 
ternary system, the alloys used for permanent magnets lying in an 
area which, in equilibrium, consists of two « phases (called @ phases 
by Bradley and Taylor) instead of the area of « and y given by 
Késter’s diagram. These two « phases differ in lattice size by 
0-3%, and both are ferromagnetic. It is suggested by Bradley 
and Taylor that in the condition of highest coercive force the 
precipitation of the second « phase has just commenced, but on 
account of the coherence of the metal the atoms in the nuclei are 
constrained to remain at the same distance apart as in the parent 
lattice, resulting in immense strain. Such strain would not be 
detectable by broadening of the lines of the X-ray diffraction pattern, 
since only heterogeneous strain producing irregular atomic distances 
gives that effect. An examination of the critical quenching 
temperature curves shown in Fig. 1 affords some support to the 
suggestions of Bradley and Taylor, for the sudden drop in the 
critical temperature over the range 1200-1000° C. coincides very 
closely with the boundary between the « + «+ y field and the 
«+ a field given by the latter investigators, while the fall in 
temperature from 1000° C., commencing in the region 15-16% of 
aluminium, corresponds to their boundary between the « + a, 
field and the «, field. Microscopical examination of alloys heated 
below the critical temperature also supports the suggestion, for 
alloys with a critical temperature near to 1200° C. possess a clearly- 
defined duplex structure, whilst when the critical temperature is 
near to 1000° C. only a finely-mottled structure is found, which 
cannot be satisfactorily resolved into two phases, although it is 
clearly not a uniform solid solution; the difference may, however, 
be explained by the greater atomic mobility at the higher 
temperature. The results of Bradley and Taylor explain the 
absence of line-broadening in the investigations of the other workers 
and also confirm the tentative suggestion of Burgers and Snoek 
of the presence of a second « phase, but do not account for the y 
phase which is found by all the other workers after tempering the 
alloys at high temperatures. The detection of a superlattice in the 
alloys is very interesting in view of the suggestion of Jellinghaus ‘” 
that the extremely high coercive force of certain cobalt-platinum 
alloys is due to an ordered atomic state. It is possible that both 
intercrystalline stress and the superlattice structure are contributory 
factors, and it is clear that the problem of the high coercivity of 
these alloys has not yet been completely solved. 

In a paper on lattice distortion in nitrided steels Wood ° has 
shown that the distortion which is effective in producing mechanical 
hardness is not of the simple type where broadening of the diffracted 
lines is produced by irregularities in the atomic spacings, but involves 
a modification of the electron distribution, which distribution 
is the real factor increasing the hardness. It is pointed out that a 














PERMANENT-MAGNET ALLOYS. 207 P 


disturbance of the electron distribution about the atomic planes 
could occur without broadening of the diffraction lines, the only 
effect on the X-ray pattern being a reduction of line intensity at 
large angles of diffraction. It seems possible, although magnetic 
and mechanical hardnesses are not inseparable, that this effect 
has some connection with the high coercivity of nickel-iron- 
aluminium alloys, the disturbance of the electron distribution 
being brought about by the stages preparatory to the precipitation 
of the second phase from the unstable solid solution. An 
examination of the relation between the coercive force and the 
ratio of the intensities of X-ray lines diffracted at large and small 
angles would prove instructive on this point. 


ACKNOWLEDGMENTS. 


The author’s thanks are due to Messrs. Joseph Lucas, Ltd., in 
whose laboratories this work was carried out, for permission to 
publish the results, and especially to Mr. E. A. Watson, who 
initiated the investigations, for continued help and advice. 


REFERENCES. 


(1) T. Misnima: British Patent Nos. 392656-392662. Ohm, 1932, vol. 19, 
No. 7. Stahl und Eisen, 1933, vol. 53, p. 79. 
(2) W. KéstER: Zeitschrift fiir Elektrochemie, 1932, vol. 38, p. 549. Archiv 
fiir das Eisenhiittenwesen, 1932, vol. 6, p. 17. 
(3) K. Honpa, H. Masumoto and Y. Surrakawa: Science Reports of the 
Tohoku Imperial University, 1934, vol. 23, p. 365. 
(4) H. Neumann: Metallwirtschaft, 1935, vol. 14, p. 778. 
(5) Y. Kato and T. Taker: Journal of the Japanese Institution of Electrical 
Engineers, 1933, vol. 53, p. 408. 
(6) L. Graru and A, Kussmann: Physikalische Zeitschrift, 1935, vol. 36, 
p. 544, 
(7) W. Jetitineuaus: Zeitschrift fiir technische Physik, 1936, vol. 17, p. 33. 
(8) H. Neumann: Archiv fiir das technische Messen, 1937, vol. 69, p. 38. 
(9) C. E. Wess: Journal of the Institution of Electrical Engineers, 1938, 
vol, 82, p. 302. 
(10) F. PénzeuTER: Nickelberichte, 1933, vol. 3, p. 1. 
(11) W. Késtrer: Stahl und Eisen, 1933, vol. 53, p. 849. 
(12) W. S. Messxrin, B. E. Somtyn and J. M. Marcorin: Bulletin of the 
Leningrad Institute of Metals (Russian), 1934, vol. 16, p. 60. 
(13) W. Srernnavs and A. Kussmann: Physikalische Zeitschrift, 1934, vol. 


35, p. 377. 

(14) W. S. Mressxrn and B. E. Somimy: Archiv fiir das Hisenhiittenwesen, 
1935, vol. 8, p. 315. 

(15) F. Péxzeuter: Stahl und Eisen, 1935, vol. 55, p. 853. 

(16) 8S. EversnHep: Journal of the Institution of Electrical Engineers, 1920, 
vol. 58, p. 784. 

(17) W. Késter: Archiv fiir das Hisenhiittenwesen, 1933, vol. 7, p. 257. 

(18) W. A. Woop and C. Watnwricut: Philosophical Magazine, 1932, vol. 
14, p. 191. 

(19) R. Guocxer, H. Prister and P. Wiest: Archiv fiir das Hisenhiitten- 
wesen, 1935, vol. 8, p. 561. 





208 P BETTERIDGE : NICKEL-IRON-ALUMINIUM 


1935, vol. 2, p. 431. 


21) W. G. Burarrs and J. L. SNork 
99 


(20) L. WrrestscuiaGiIn and G. Kurpsumov: Technische Physik, U.S.S.R., 


: Physica, 1935, vol. 2, p. 1064. 
) A. J. Brapitey and A. Taytor: Nature, 1937, vol. 140, p. 1012. 
**Magnetism,”’ p. 89; London, 1938: Institute of Physics. Proceed- 
ings of the Royal Society, 1938, A. vol. 166, p. 353. 


(23) W. A. Woop: Philosophical Magazine, 1933, vol. 16, p. 719. 








PERMANENT-MAGNET ALLOYS.—CORRESPON DENCE. 209 P 


CORRESPONDENCE. 


Dr. AtuN Epwarps (Sheffield) wrote that Dr. Betteridge’s 
paper was the result of a great deal of work. It admirably linked 
up previously published information on the constitution of Alni 
and Alnico with the practical magnetic results that could be ob- 
tained and the heat treatment necessary to obtain these results. 

The work had been done on a laboratory scale, and whilst the 
general conclusions were very similar to works practice, the manu- 
facturer had to consider other factors than those applying to 
laboratory casts. 

In particular, the cost of the alloy must be kept as low as possible. 
Cobalt and nickel were the most expensive components. There was 
no critical cobalt content but a steady improvement with the 
addition of cobalt up to about 15%. Experience had shown 
10-12%, to be the limit of economic addition. There was a critical 
nickel content for each cooling rate and size of magnet. Within 
limits, the cooling rate might be reduced, the nickel reduced, and 
the cost reduced, without affecting the magnetic properties. The 
average nickel content of Alni had been reduced to 24%, and of 
Alnico to 18%, in this way. 

Aluminium was very easily oxidised during melting. This 
was overcome in base mixes by adding aluminium immediately 
before casting, but feeders, &c., had to be remelted as scrap mixes, 
and if the aluminium fell below a critical limit, the heat-treatment 
temperature had to be increased, and the magnets began to scale. 
It therefore paid to err on the generous side in the aluminium 
addition, another reason for slow cooling in heat treatment. 

Copper additions improved the consistency of the results by 
giving greater latitude in heat treatment. To a certain extent 
copper replaced nickel; it also reduced the tempering temperature 
to 575° C. As copper additions were invariably made, it was for- 
tunate that Dr. Betteridge had investigated their effect, otherwise 
his data on non-copper alloys would have been less valuable. 

The startling fall in BHyax, When carbon was present was only 
too well known to the manufacturer. It was difficult to keep the 
carbon below 0-1% when crucible-melting, but perfectly successful 
results could be obtained with up to 0-2% of carbon, provided that 
the titanium addition was adequate. 

The hot-water quench gave delightfully easy control of the cooling 
rate, but it invariably cracked large magnets, and even small 
magnets were found to be less sound after treatment by this method. 
As there was a considerable temperature gradient in the magnets 
during quenching, it was hardly likely that the magnetic properties 
would be consistent throughout. Consequently, the writer, after 
extensive trial, had abandoned the water-quench for Alni, and had 
never found it satisfactory for Alnico. 
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AUTHOR’S REPLY. 


The Avutuor, in reply, wrote that Dr. Edwards’ comments, 
coming as they did from one actively engaged in the manufacture 
of magnets, were of special interest, particularly where they bore 
on the economic aspect. Reduction of the nickel content did lower 
the cost of an alloy, and hence a nickel content slightly below the 
optimum was undoubtedly the most economical way of obtaining 
a given flux, even though the magnetic properties of the alloy were 
below the maximum attainable. He was, nevertheless, surprised 
that a nickel content of only 18° was found most satisfactory for 
Alnico; the reason was probably associated with the increase of 
the critical quenching temperature with increasing nickel content 
as explained on p. 202 Pp of the paper. 

With regard to the suggestion that quenching in hot water caused 
a considerable temperature gradient through a magnet, which in 
turn gave rise to varying magnetic properties, tests were made 
on a magnet of fairly large section which was gradually ground away. 
The measurements revealed no change in coercive force from the 
outside to the centre, so that apparently there was little variation 
in the cooling rate, at least over the critical range near 1000° C. 
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SOME APPLICATIONS OF THE SPEC- 

TROGRAPH TO THE QUANTITATIVE 

ANALYSIS OF FERROUS AND NON- 
FERROUS METALS.* 


By F. G. BARKER, F.I.C. (SHEFrrietp). 


(Figs. 3 to 27 = Plates VI. to XV.) 


SYNOPSIS. 


Brief references are made to the origin of spectroscopy, the 
principles of refraction and the early work done in Britain in con- 
nection with the application of the spectrograph to metallurgical 
analysis. A description of a modern large quartz spectrograph 
and an account of the work done in the Admiralty Laboratory, 
Sheffield, in connection with the development of spectrochemical 
methods for the quantitative analysis of steel and non-ferrous metals 
and alloys are given. The technique employed for the preparation of 
arc spectrograms for the estimation of impurities and minor consti- 
tuents is described, also the methods of preparation and use of 
standard tables for the evaluation of spectrograms by the internal 
comparison method. 

Experiments which were made to extend the scope of spectro- 
chemical methods to cover the estimation of many of the consti- 
tuents of alloy steels show that by employing spark spectrograms, and 
photo-electric methods for their evaluation, it is possible to make 
quantitative determinations of several elements with an accuracy 
closely approaching that obtainable by chemical analysis. Standard 
tables and graphs which are used for the evaluation of spectrograms 
and the range of steels to which they are applicable are shown. 
The technique adopted is fully described, and the effect of variations 
from the conditions which have been standardised is given. The latter 
covers variations in time of exposure, period and temperature of 
development, use of old developer, the physical condition of the 
sample and the shape of the electrodes. The effect of heterogeneity 
in the sample under examination and steps being taken to obtain 
reliable results for ‘*‘ average composition ’’ are described. It is also 
shown how spectrographic methods can be conveniently applied to the 
analysis of segregates. 

Examples are given to show the large saving in time effected 
by the use of spectrographic methods for the analysis of certain 
materials. 


Introduction. 


Apart from a brief reference to the origin of spectroscopy, the scope 
of this paper is confined to a description of the modern spectro- 

* Communication from the Spectrographical Section of the Naval 
Ordnance Inspection Laboratory, Sheffield, received February 22, 1939, based 
on a lecture read before a Joint Meeting of the Sheffield Metallurgical Associa- 
tion and the South Yorkshire Section of the Institute of Chemistry, on 
February 7, 1939. 
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graph, to a review of the work done in the Admiralty Laboratory, 
Sheffield, in connection with the development of spectrochemical 
methods for the quantitative analysis of ferrous and non-ferrous 
metals and alloys, and finally to a summary of the elements which 
are now being estimated as a routine in various alloys, the percentages 
covered, and the accuracy obtained. 


Origin of Spectroscopy. 


With regard to the origin of spectroscopy, although that major 
example of a spectrum, the rainbow, had been observed for countless 
time, it was not until 1666 that Sir Isaac Newton * demonstrated that 
white light was composite in character and could be resolved into 
its component colours. This he did by passing a beam of light 
through a glass prism and receiving the emergent rays on a screen, 
which showed a series of coloured images resembling the rainbow. 
This series of coloured images is called a spectrum. 

Wollaston } in 1802 improved upon the experiment by passing 
a ray of sunlight through a narrow slit before it entered the prism, 
and observed that the spectrum was crossed by a number of black 
lines parallel to the slit. 

In 1814 Fraunhofer + made further improvements by placing 
a convex lens between the slit and the prism, and examined the re- 
sulting spectrum with a telescope. With this instrument, which 
forms the basis of the spectroscope used in any laboratory to-day, 
Fraunhofer obtained clearer definition of the lines and was able to 
prove that the lines obtained from a given source of light always 
occupied the same relative positions. 

In 1822 Sir John Herschel ¢ investigated the spectra of several 
coloured flames, particularly those charged with copper and stron- 
tium, and suggested that the colours contributed by different 
materials to a flame afforded in many instances a ready way of 
detecting minute quantities of them, thus laying the foundation of 
spectrum analysis. Further work on this subject was performed by 
Kirchoff, Bunsen and Roscoe in the middle of the nineteenth century, 
and the significance of the Fraunhofer lines was gradually unfolded, 


Recent Development. 


It was not until recent years that the findings of the early 
pioneers of spectroscopy have been put to any important use in 
industry. 

As regards the application of the spectrograph to quantitative 
metallurgical analysis, the first systematic investigation in Great 
Britain appears to have been undertaken in 1925 by Twyman and 
Smith * under the auspices of the British Non-Ferrous Metals Re- 
search Association. They first investigated its use as a means of 


* See Judd Lewis,” p. 2. t+ See Judd Lewis,™ p. 3. 
t See Judd Lewis,” p. 4. 
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estimating certain impurities in zinc, and in this connection they 
found, from an examination of a series of synthetically prepared 
samples, that cadmium could be determined satisfactorily when 
present in amounts between 0-001°%, and 0-10%. They also found 
that the elements lead and iron could likewise be examined satis- 
factorily from the same spectrum. 

In view of the success which attended this initial work, the scope 
of theinvestigation was extended to cover other non-ferrous materials, 
with very satisfactory results. 

About five years ago, a survey was made of the work which had 
been done by the British Non-Ferrous Metals Research Association, 
and by one or two manufacturers of non-ferrous metals who had 
installed spectrographs in their laboratories for the routine examina- 
tion of their products. It was evident from the results they had 
achieved that spectrographic methods were suitable not only for the 
rapid detection of constituents in a wide range of alloys, but also 
for the quantitative estimation of impurities and minor consti- 
tuents. It was therefore decided to purchase a spectrograph for 
use in the Admiralty Laboratory at Sheffield. 


Choice of an Instrument. 


As spectrographs of three sizes, known as small, medium and 
large, were being made in Britain, it was necessary first to decide 
which would be most suitable for the type of work to be done. 
Each of the instruments embodies similar general principles in 
construction and covers the same range of wave-lengths, namely, 
about 2000 to 8000 A., but the length of the spectrum differs in each. 
It is about 3 in. in the small instrument, 10 in. in the medium and 
30 in. long in the large. 

For the analysis of most non-ferrous metals and alloys the medium 
size is generally satisfactory, but for the analysis of iron and steel 
the large instrument is essential on account of the great number of 
iron lines which appear in the spectrum. Although it was the 
intention at first to apply the spectrograph to the analysis of non- 
ferrous metals, the Laboratory also had in view its possible use in 
the field of ferrous analysis, and therefore decided to employ the 
large instrument. 


Refraction. 


_ Before giving a description of the large spectrograph, one or 
two points about refraction may be mentioned, because it is owing 
to this phenomenon that the construction of a spectrograph and the 
production of a spectrum are made possible. The points are 
elementary, but a short review may be helpful before proceeding with 
the main part of the paper. 

It has already been stated that white light is composite, and 
that when it is passed through a glass prism on to a screen, a spectrum 
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is obtained, consisting of a series of colours which merge into one 
another, with red at one end and violet at the other. This is due 
to the fact that rays of light of different colours have different 
wave-lengths, and when they pass from one medium to another of 
different optical density, they are bent or refracted by different 
amounts. 

The simplest example of refraction is afforded by the behaviour 
of light of different colours when it falls obliquely on a flat sheet of 
glass. This is illustrated in Fig. l(a). Suppose a ray of green light 
enters the glass at B. It will be bent or refracted by passage through 
the glass, and will emerge on the other side at HL, to follow a course 
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Fic. 1.—Refraction of Coloured Light through plane glass and glass prism. 


parallel to that at which it entered. Substitute a ray of red or 
violet light, and they will be found to behave in a similar manner, 
except that red light is refracted to a less extent than the green, and 
the violet light to a greater extent. They will, however, all continue 
in a course parallel to that at which they entered the glass. 

If a glass prism replaces the glass plate, as in Fig. 1(b), the amount 
of refraction which occurs on entering the prism is the same as that 
which occurred on entering the plate. As, however, the face at 
which the rays emerge is not parallel to the face at which they 
entered, they are not brought into a parallel course, but continue 
to diverge as indicated. 

It will be seen that if the rays emerging from the plate and the 
prism were thrown on a screen, the lines from the prism would be 
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separated by the greater amount, or, in other words, the prism gives 
the greater dispersion. 

Although for various purposes different types of prisms are 
built into spectrographs, the general principles underlying their 
construction are the same. 

Spectrographs for metal analysis are generally fitted with a 
quartz prism and optical train, because many of the spectrum 
lines which are best suited to this work lie in the ultra-violet range, 
and quartz does not absorb ultra-violet radiations whereas glass 
does. 

The Spectrograph. 

A general view of the apparatus is shown in Fig. 3. It shows one 
of the spectrographs in use in the Admiralty Laboratory, which has 
proved to be eminently satisfactory for the analysis of non-ferrous 
metals and alloy steels. It consists essentially of a heavy iron stand, 


Photographic Plate. 
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violet, 
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| /ens. 
light FE 
source. 
Fia. 2.—Optical Train of Large Quartz Spectrograph. 


on which the optical system and controls are mounted, enclosed 
by a metal dust-proof cover, and also an electrode stand, slit, and 
camera. The whole outfit is of robust construction and all parts are 
in permanent adjustment. 

Fig. 4 shows the apparatus with the dust-proof cover removed. 
The collimating lens and prism are seen on the right. As already 
mentioned, the apparatus covers a wave band of 2000 to 8000 A., 
and the dispersion is such that this would give a spectrum about 30 
in. long. It would obviously be impracticable to use plates of such 
a length, and the instrument is, therefore, designed so that the 
complete spectrum can be examined in three sections. This is 
made possible by a system of controls by which the prism may be 
rotated and the plate-holder at the same time brought automatically 
into the correct focal position. The system is operated by a drum 
which is situated by the camera. The drum is graduated in wave- 
lengths, so that the apparatus can be set for photographing any part 
of the spectrum desired. 

A diagram of the optical train is shown in Fig. 2. The light from 
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the slit is reflected by a small right-angled prism to the collimating 
lens and refracted by a 30° Littrow prism, the back face of which is 
coated with a mercury-tin amalgam. This reflects the light back 
again through the collimator lens, which also serves as the camera 
lens, on to the photographic plate. 

The Slit—F¥ig. 5 shows in greater detail the slit through which 
the light enters the spectrograph. The function of the slit is to 
control the width of the lines which appear in line spectra. 

It consists of two metal plates lying in the same plane, one being 
fixed and the other movable, so that it can be adjusted with great 
accuracy by means of a screw with a graduated milled head. The 
edges forming the slit are strictly parallel and perfectly smooth. 
For the analysis of metals it is necessary that the slit width shall be 
very small, otherwise it would not be possible to separate and obtain 
a clear definition of lines which lie very close together in the spectrum. 
For most of the author’s work a slit width of 0-015 mm. is employed. 

In front of the slit is a wedge-shaped piece of metal known as a 
reducing wedge, the function of which is to control the length of the 
beam which falls on the slit. By keeping this length at the minimum 
necessary for the subsequent operations of reading or evaluating the 
spectra, it is possible to economise very considerably in the use of 
photographic plates. The author generally employs a slit length 
of 2-5 mm., and is able to make 24 separate exposures on one 

late. 
, Plate-Holder.—The above-mentioned exposures on one plate 
are made possible by means of a plate-holder which can be raised 
or lowered by a special rack-and-pinion device, as shown in Fig. 6. 
The first exposure is made at the bottom of the plate and the 
latter is then moved downwards by the registered amount. The 
next exposure is then made, and so on until the plate is filled. 
In front of the plate-holder is a mechanically-operated shutter, 
which can be adjusted to suit the slit length chosen and thus prevent 
extraneous light from reaching the plate during successive exposures. 

Electrode Stand.—The electrode stand, shown in Fig. 7, carries 
two electrode-holders, with controls which permit the distance 
between the electrodes to be varied, and also the electrodes to be 
raised or lowered together. The electrodes are connected to a 
D.C. supply of about 120 V., and the arc is struck by bringing them 
together and then separating them until an arc of the required length 
is obtained. A regulating resistance is inserted in series with the 
arc to obtain a standard current strength. 

The sample under examination serves as one electrode, and for the 
other a machined rod of the same metal, or a rod of graphite, or 
any spectroscopically pure metal can be employed, the selection 
being dependent on the type of metal or alloy under examination. 
For example, when copper or copper alloys are being examined, a 
rod of pure copper is used as the other electrode. Similarly for 
steels examined by the arc method, a rod of pure iron is used. 
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Rods of various metals and graphite of great purity can be obtained 
for this purpose from the manufacturers of spectrographic equip- 
ment. 

Some workers claim that the greatest sensitivity is obtained when 
both electrodes consist of the sample under examination. This 
practice might be desirable when a search is being made for minute 
quantities of elements, but the author finds that for most purposes 
any slight advantage which the method might have is more than 
offset by the large amount of work involved in machining. 

The rods employed for electrodes have a diameter of about 5 
mm. and are shaped at the end to a cone of 80°. In order to avoid 
contamination, the point is cleaned with a file or a shaping tool after 
each exposure. This, however, is not inconvenient, as several rods 
are in use and can be cleaned and re-shaped at one time. 

Polarity —The polarity of the sample is of some importance. 
Smith, after carrying out numerous tests, concluded that the alloy 
under examination should be made the negative pole, because the 
impurity lines have then an intensity approximating to that obtained 
when both electrodes are of the same material. Brownsdon and 
Van Someren “ also investigated this question and arrived at the 
same conclusion. Although the author has not carried out a 
systematic investigation into this matter, he has obtained evidence 
in support of their view and has adopted this practice. If a 
sample is too small or of too low a melting point to be used as an 
electrode itself, it is placed in a crater freshly prepared in a graphite 
rod; this is commonly known as a “ globule ” test. 

Alignment of Light.—The alignment of the light source is carried 
out by opening the spectrograph slit and focusing the spectrum on a 
piece of ground glass which is held at the back of the camera in the 
position that the plate would occupy. When in correct alignment 
the stand is fixed, and the correct positioning of fresh electrodes is 
made possible by utilising the simple device shown in Fig. 8. A 
white tile is fixed on the cover of the spectrograph, and on it two 
lines are marked. Between the tile and the electrode stand is 
placed a condensing lens in such a position that the image of the 
electrodes is focused between the two lines when the spectrum from 
the same source is in focus at the back of the camera. 

The period of exposure employed when photographing spectra 
depends on the nature of the material under examination, the 
elements sought, and the technique employed, but exposures 
generally are of less than one-minute duration. 


Standard Conditions for the Arc Spectra. 


The conditions which have been standardised by the author 
for taking arc spectrograms are as shown in TableI. The material, 
which is shown in the first column and constitutes the sample, is 
always made the negative electrode. The differences in current and 
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exposure which are shown are found necessary in order to obtain 
spectrograms of suitable intensity for evaluation. 


TaBLE I.—Standard Conditions of Arc Excitation. 
Are gap, 4:0 mm. 


























eons Slit : ‘ 

Material. i mel Width. : oo Waveband. A. — 
Copper . . . | Copper 0-015 4-0 3000-5800 23 
Brasses ; ° ‘. as 0-015 4-0 2800-4800 30 
Bronzes ; : ; ba 0-015 4-0 2320-3000 45 
Cupro-nickels : . | Copper 0-015 2-5 3000-5800 23 
~ PF ° a 0-015 2°5 2800-4800 30 
Monels ‘ , -“ 0-015 2°5 2320-3000 45 
Aluminium and alloys . | Graphite | 0-015 4-0 2800-4800 60 
Globule on all metals . | Copper 0-015 4-0 3000-5800 15 
or 0-015 4:0 2800-4800 20 
Graphite | 0-015 4:0 2320-3000 30 
Tron . : . . | Iron 0-015 2°5 3000-5800 5 
Steel . : : ; 6 0-015 2°5 2800-4800 7 
js é : . af 0-015 2-5 2320-3000 10 














Qualitative Examination of Spectra. 


Having described briefly how the spectra are obtained, a few 
will now be examined. Fig. 9 shows the complete spectrum of 
copper in three sections. It is evident that there are a large number 
of lines of variable density and an apparent lack of regularity in | 
their arrangement. In places, however, there will be seen small | 
groups of lines, or pairs of similar intensity lying close to each other. | 
The latter are known as “ doublets,” and as their position in the 
spectrum is always constant they soon become familiar to the 
operator, and are of great assistance when evaluating spectrograms. 
In spite of the apparent irregularity of the lines, it has been shown 
with certain elements which give less complex spectra that there is 
some order in their grouping, and that they conform to formule which 
have been evolved mathematically. In complex spectra, however, 
such as that now under discussion, the problem of such grouping 
is extremely involved and beyond the scope of this paper. A point 
of the greatest importance, however, is that, in spite of the fact that 
over 14,000 lines given by different elements have been found and 
logged between wave-lengths of 2000 and 6000 A., no two elements 
have been discovered to give a line in exactly the same position. 
In many instances, however, they may be very close together. 
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Wave-Length. 


The positions of the lines given by any element are, therefore, 
characteristic of that element, and serve as a means of identifying it. 
The most convenient and accurate method of describing the position 
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of a spectrum line is to give the value of its wave-length. The 
wave-lengths of spectrum lines have been measured with great 
accuracy and the adopted unit is the Angstrém unit, which is one 
ten-millionth part of a millimetre. Tables for all the principal lines 
in spectra for all the elements are available in publications such as 
H. Kayser’s handbook and Twyman and Smith’s “ Wave-Length 
Tables for Spectrum Analysis.” 


“ Judd Lewis ’’ Comparator. 


This identification of lines in a spectrum is made fairly simple 
by the use of an instrument known as the “‘ Judd Lewis ” compara- 
tor, which is shown in Fig. 10. It consists of a two-way microscope, 
by which objects placed beneath the two objectives may be viewed 
through one eye-piece. The stage is an open frame divided into 
sections, each of which will carry a spectrum plate. The plates can 
be moved parallel to either their major or minor axes, so that an un- 
known spectrum may be compared with a standard spectrum on which 
several lines are marked with the symbols of the elements that they 
represent. In lining up the plates, ‘ doublets”? and other dis- 
tinctive groups of lines which have already been mentioned are 
found most useful. 

An example of what is seen when looking through the eye-piece of 
the comparator is given in Fig. 11. The upper half of the picture 
is a standard spectrum. The figures at the top represent wave- 
lengths and the symbols lower down indicate the elements corre- 
sponding with the lines immediately above them. The lower plate, 
which contains the unknowns, shows the spectra of three different 
samples. It will be seen that the first contains a trace of aluminium, 
the second a little more, and the third a little less. The manganese 
content, which is indicated by the strength of the three lines which 
lie close together under the symbol “‘ Mn,” also falls in the same 
order as for aluminium. All the samples contain an appreciable 
quantity of lead. 

Fig 12 shows the spectra obtained from six different metals, 
namely, copper, zinc, tin, lead, aluminium, and iron. This will 
give some idea of the very marked differences found between the 
spectra of different metals. Some, iron for example, yield a very 
large number of lines, whereas others, such as aluminium, yield 
relatively few. The variation in intensity of lines in different parts 
of the spectra will also be very apparent. Fortunately, the feebler 
lines of an element disappear as the quantity is reduced, and the 
strongest lines are generally the last to disappear. The latter have 
been termed “‘ persistent lines,” by Hartley, or “ ultimate rays ” 
by de Gramont.‘® Thus, to look for impurities or minor constituents 
in alloys, one first searches for these persistent lines. If they are 
absent, it is known that the element is either absent or present in an 
extremely small amount. 
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Fig. 13 shows a part of the spectrum of pure copper, and also 
that of five samples of brass which contain tin and lead in increasing 
amounts. The symbols indicate the lines corresponding with each 
element, and the increase in the intensity of the lines with increase 
in amount of the element is very obvious. Fig. 14 affords another 
example of how increasing amounts of an impurity are readily 
detected in the spectrum. The alloy in this instance is brass, and the 
impurity bismuth. 


Quantitative Examination of Spectra. 


External Comparison.—From the spectra already examined it 
will probably be evident that if one had a series of standard spectra 
of a metal or alloy containing impurities in known and increasing 
amounts, it should be possible by comparison with them to estimate 
the impurities in a similar metal of unknown purity, provided that all 
the spectra were taken under the same conditions. This method 
has been employed for the quantitative examination of metals and 
is known as the “external comparison” method. Such com- 
parisons are conveniently made in the Judd Lewis comparator which 
has already been described. 

For accurate work this method requires a very rigid adherence to 
standard conditions in the preparation of the spectra, and even then 
the accuracy obtainable is not of a satisfactory order for accurate 
quantitative work. A very extensive collection of standard plates 
is also required if the range of material to be examined is wide. 

Internal Comparison.—The foregoing objections are largely 
overcome by another method known as the “ internal comparison ” 
method, which was originally proposed by Gerlach and Schweitzer. 
They suggested that the densities of lines due to the element being 
evaluated could be compared with the densities of lines of a major 
alloying element within the same spectrum. As an apparatus such 
as the Judd Lewis comparator is usually used for making such 
comparisons, it is necessary that the two lines to be compared shall 
be sufficiently close to appear together when viewed through the 
eye-piece. ‘To see how this principle is applied the spectra shown in 
Fig. 14 may be examined‘again. It is known that one of the most 
sensitive lines for bismuth has a wave-length of 3068 A., so that 
to determine whether bismuth is present one first looks for this line. 
If no line is present it can be said immediately that the bismuth 
content of the metal is less than a certain amount. This amount 
is dependent on the conditions under which the spectrum was taken, 
but is generally very small. Under the conditions employed in the 
author’s laboratory for the analysis of brass the smallest amount 
that can be detected is 0-0003%. By varying the conditions of 
arcing and exposure, however, it is possible to detect much smaller 
amounts. To draw up data for the quantitative determination of 
bismuth in brass one first looks for copper lines which have an in- 
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tensity similar to that of the bismuth line to be examined. As the field 
covered by the comparator is similar to that shown in Fig. 14, any 
suitable copper line which appears there can be chosen. It will be 
seen that the copper line marked 3088 resembles in intensity the 
fainter of the 3068 bismuth lines. On closer examination it will be 
seen that this line is of about the same intensity as the bismuth line 
corresponding to 0-0007°% of that element. This gives the first 
standard. Lines used for such comparisons are known as “ line 
pairs.” On the last spectrum but one it will be seen that the 3116 
copper line is about equal in intensity to the bismuth line corre- 
sponding with 0-002°% of bismuth, which gives another standard. 
Similarly, when the bismuth content is 0-007%, the 3068 bismuth 
line is comparable with the 3074 copper line which is of equal 
intensity, but for quantities between 0-002% and 0-007% of bismuth 
it is necessary to search for other comparison lines. In this manner 
a table is compiled to cover any desired range of composition which 
is capable of estimation by such a method. 

As the Admiralty specification for brass permits 0-005% of bis- 
muth, it will be evident that, since as little as 0-0003% can be 
detected and a distinction made between amounts that differ by as 
little as 0-0005%, the method is sufficiently sensitive for the purpose. 


Comparison Tables. 


A table, which was compiled partly from the spectrograms 
just examined and which is typical of all tables for internal comparison 
when made by visual examination, is shown in Table II. At the 


TasLe II1.—Section of Table for Determination of Bismuth in Brass 
by ‘‘ Internal Comparison” Method. 











Bismuth. %. Bi Line 3068. | Bi Line 2898. 
0-0007 =Cu 3088 
0-002 =Cu 3116 nee 
0-005 oss =Cu 2892 
0-007 =Cu 3074 , 
| 








head of the Table are seen the bismuth lines that are used for 
comparisons, and in the columns below are seen the copper lines 
which are used in conjunction with them. In the first column is 
shown the amount of bismuth which is present when the two lines 
under examination are equal in intensity. for example, when the 
3068 bismuth line is equal in intensity to the 3088 copper line the 
bismuth content is 0-0007°%, and when the 2898 bismuth line is 
equal in intensity to the 2892 copper line the bismuth content is 
0-005, and so on. 

Tables on a similar basis to that described have been drawn up 
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to cover many non-ferrous metals and alloys of the type and purity 
called for in the Admiralty specifications. Table III. shows the 
range of alloys and the amounts of the various impurities covered by 
the tables so far prepared. These tables by no means indicate the 
limits within which spectrochemical analysis is applicable on the 


TaBLe IIIl.—IJmpurities and Minor Constituents in Non-Ferrous 
Alloys. 


Maximum and minimum limits of estimation. 










































































Alloy. Pb. Bi. Sb. | As. Fe. Ni. | Ag. | Al. | Mn. | Sn. | Zn. | Cd. 
oO; 0 o o 0 0 0 o/ oOo °o o/ 0 

/o* /o* /o* /o* /o* /o* /o* /0* /O* /o* /0* 

Copper. 0-005-| 0-001-| 0-003-| 0-01- | 0-005-| 0-005-| 0-005-| 0-005-| 0-01- | 0-005-] 0-01-] 0-005 

0-20 | 0-007} 0°03 | 0-05 0-20 0-16 0-02 0-20 | 0-05 0-05 | 0-10} 0-02 

Copper- 0-005-| 0-001-— 0-003-) 0-01- |0-005-) ... | 0-005-/0-01- | 0-01— | 0-005-| 0-01-| 0-01- 
nickel, 0-20 | 0-007} 0-03 | 0-05 | 0-20 0-02 | 0-20 | 0-05 | 0-05 | 0-10] 0-05 
95/5. 

Copper- 0-005-| 0-001-] 0-003-| 0-01- |0-005-] ... | 0-005-| 0-01- | 0-01- | 0-005-| 0-01-| 0-01- 
nickel, 0-20 | 0-007] 0-03 | 0-05 | 0-20 0-02 | 0-20 | 0-75 | 0-05 | 0-10} 0-05 
70/30. 

Monel 0-005-| 0-001-) 0-003-) 0-01- |0-01- | ... | 0-005-|0-01- | 0-01- | 0-005-] 0-01-| 0-01- 
metal. 0-20 | 0-007{ 0-03 | 0-05 | 0-40 0-02 | 0-20 | 0-75 0-05 | 0-10} 0-05 

Copper- 0-005-| 0-001-] 0-003-| 0-01— | 0-01— | 0-005-| 0-005-| 0-01— | 0-003-| 0-005-| ... | 0-01- 
zincalloys| 0-20 | 0-007} 0-03 | 0-05 | 0-20 | 0-20 | 0-02 | 0-20 | 0-03 | 0-05 0-05 
(2-3% 

Zn). 

Gunmetal | 0-005-| 0-002-) 0-005-| 0-01- | 0-01- | 0-01- | 0-005-| 0-005-| 0-005-|  ... | 0-01-| 0-005-— 
and 0-15 | 0-015] 0-04 | 0-05 | 0-20 | 0-16 | 0-02 | 0-05 | 0-05 0-20} 0-02 
phosphor- 
bronze. 

Brasses. 0-005-| 0-001-| 0-003-| 0-005-—| 0-005-| 0-005-| 0-005-| 0-002-/ 0-002-| 0-005-| ... | 0-005- 

0-20 | 0-007} 0-03 | 0-05 | 0-12 | 0-16 | 0-02 | 0-20 | 0-02 | 0-20 0-02 

Lead Qualitative examination only. 0-01- 0-01- 
alloys. 0-60 0-20 

Zinc, tin, Qualitative examination only. 
nickel. 

Aluminium Qualitative examination only. Development work in connection with quan- 
and alum- titative analysis now proceeding. 
inium 
alloys. 











alloys mentioned; they merely cover the range of composition most 
suited to the author’s work. It is known, however, that smaller 
and larger amounts of most of the elements mentioned can be 
estimated by spectrochemical methods. 


Log Sector Wedge.® 


Before leaving the subject of non-ferrous analysis, reference 
should be made to another method which has been examined by 
the author for the determination of elements present in much larger 
amounts than can be estimated by the methods already described. 
It is known as the “ log sector wedge” method. The apparatus used 
is shown in Fig. 15. It is employed while the spectrum is being 
photographed, to vary the exposure along the slit of the spectrograph, 
so that at one end of the slit a very much longer time is given than at 
the other. This variation is produced by the rotation of a disc, 
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called the log sector, the periphery of which is cut to a logarithmic 
curve so that photographic exposures along the length of the slit 
are proportional to the “ cut-out.” The disc is driven by a small 
geared motor, and is placed close to and lined up with the slit of the 
spectrograph. The image has the form of a tapered line graded from 
thick and dense at one end to thin and vanishing at the other, as 
shown in Fig. 16. The length of the line is proportional to the 
quantity of element present in the sample, and the standard for 
comparison is the length of a similar line given by the main con- 
stituent of the alloy. 

It will be evident from an examination of this spectrogram that 
one of the difficulties attendant on the use of this method is the 
determination of the exact point at which the tip disappears. The 
author and his colleagues carried out many tests in which different 
operators read the same spectra, and the differences between the 
readings were so great that the method was abandoned. ‘The reading 
of this type of spectrogram was also found to be a very fatiguing 
operation. 

Steel. 


The utility of spectrochemical methods for the analysis of 
steel will next be examined. Although a considerable amount of 
work has been done in Britain on the analysis of non-ferrous metals 
by means of the spectrograph, relatively little work has been done 
with steel. 

Some years ago Twyman and Fitch “ made some tests by the 
log sector method and claimed to be able to determine silicon up to 
0-8°, with an accuracy of 10% of the content, also chromium up to 
4%, nickel up to 5°% and copper up to 1%, each with an accuracy of 
5% of the content. Later Twyman and Harvey ‘ carried out some 
experiments with the same steels but with a modified technique, and 
recorded accuracies of an order of 10% of the element on deter- 
minations of nickel, manganese and chromium. 

Preliminary tests upon the lines of the previous investigators 
which were made in the author’s laboratory failed to confirm the 
adequacy of their methods and the accuracies claimed for them. 
Furthermore, it was not considered economic nor always possible 
to machine the shapes and sizes of samples which require analysis 
to the dimensions used by them. It was decided to attack the 
problem on other lines, and build up a new technique. 

Early experiments showed that the elements present in steel 
in very small amounts could be estimated with a fair degree ot 
accuracy by the methods already described for non-ferrous metals, 
subject to slight modification, but it was evident that the determina- 
tion of elements present in larger amounts was a very much more 
difficult problem. The detection and estimation of small amounts 
were therefore attempted first. The greatest handicap in this work 
was the lack of material which gave a graduated range of com- 
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position, such as is essential for the preparation of standard tables or 
curves. Suitable material was, however, ultimately obtained, and 
standard spectra and tables were prepared for small amounts of 
several of the elements which are commonly present in steel. 


Fig. 17 shows part of the spectrum obtained from samples of . 


carbon steel containing increasing amounts of copper. From an 
examination of the 3274 copper line, the increase in intensity of the 
line with increase of copper content is obvious. The top spectro- 
gram was obtained from pure iron, but it will be seen that it also 
contains a trace of copper. 

Fig. 18 was taken from carbon steel containing increasing 
amounts of nickel. Here, again, it will be seen from an examination 
of the 3414-7 nickel line that it increases in intensity with increase in 
nickel content. 

Table IV. is compiled partly from the spectrograms previously 
dealt with. It is read in precisely the same manner as the Table 
for bismuth in brass, described previously in this paper. For 
example, when the 3414-7 nickel line is equal in intensity to the 
3415-5 iron line, the nickel content of the steel is 0-05°%, and 
so on. 


TaBLe IV.—T ables for the Spectroscopical Determination of Nickel 
and Copper in Steel. 


Prepared partly from Figs. 17 and 18. 























Nickel. %. Ni Line 3414-7, | Ni Line 3515-1. | Ni Line 3050-8. | Ni Line 3393, 
0-01 Visible | | 
0-05 =Fe 3415-5 | 
0-10 a =Fe 3516-4 | Fe 3053-1 yi 
0-20 | bs | =Fe 3392-3 
u 
Copper. %. Cu Line 3247-5. @ Cu Line 3274. 
0-01 =Fe 3248-2 
0-03 =Fe 3244-2 ae 
0:05 | =Fe 3271 
0-10 | =Fe 3286-8 
{ 











Table V. gives the comparisons for small amounts of the 
elements tungsten, titanium, cobalt, copper, aluminium and silicon, 
all of which are read in the same manner as the previous ones. 

These tables have been constructed from the most suitable 
lines that have so far been found. Further search may reveal other 
lines which might be preferable and might permit somewhat higher 
percentages of the elements to be estimated, but it is unlikely that it 
would be possible to estimate by eye amounts much in excess of 
those shown. 
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Fic. 3.—General View of Hilger Large Quartz Spectrograph and Equipment. 
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Fic. 9.—Spectrum of Copper, taken in three sections. 


Fic. 10.— Judd Lewis’ Comparator. used 
for the examination of spectrograms. 








$00 50 40400 
es 2 ae eee ee 














lL ll 


Fic. 11.—Sections of Spectrograms as seen through ey 
piece of ** Judd Lewis ’’ comparator. 
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contained tin and lead in increasing amounts. 


Fic. 13.—Part Spectrograms of Pure Copper and of Samples of Brass which 
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Fic. 14.—Part Spectrograms of Samples of Brass which contained 
bismuth in increasing amounts. 
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Fic. 15,—Log Sector Wedge in position Fic. 16.—Part Spectrogram of Ni-Cr-V Steel obtained 
in front of spectrograph slit. with the use of the log sector wedge. 
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Fic. 17.—Part Spectrograms of Four Samples of Carbon Steel which contained copper in 
increasing amounts. 
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Fic. 18.—Part Spectrograms of Four Samples of Carbon Steel which contained nickel in 
increasing amounts. 
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Fic, 19.—Hilger Photo-Electric Microphotometer, used for the evaluation of spectrograms. 





Fic. 20,—Microphotometer Screen and Slit, showing image of portion of spectrum focused on the 
screen. 
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Fic, 21.—Part Spectrograms of Samples of Steel containing nickel in amounts up to 4*0%, 





Fic. 22.—Apparatus used for Experiments on Arcing Fic, 23.—Apparatus used for Experiments in 
in Inert Atmospheres. which the Sample was Rotated during Arcing. 
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Fe: 3/166 Cr: 3118-6 
Fic. 25.—Part of Spark Spectrograms of Steel containing chromium in increasing 
amounts. 





Fic, 26.—Microstructure of Steel Forging, and a crater formed under normal condi- 
tions of sparking. x 6, 
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Fic. 274.—Transverse Section of Large Steel Forging, etched to show segregates. X }. 
g : 
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Fic. 278.—Longitudinal Section of Large Steel Forging, etched to show segre- 
h. 


gates. 
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Taste V.—Tables used for the Spectroscopical Analysis of Various 
Elements in Steel. 
































Tungsten, Titanium. Cobalt. 
GD eaeeeemes 
Yo: W Line W Line Ti Line Ti Line Co Line | Co Line 
4008-8. 2947-4, 3361-2. 3372-8. 3453-5. 3502. 
0-01 ot evs ad pee Barely Barely 
visible visible 
0-02 Barely oe -Fe 
visible 3359-5 
| 0:03 rey oe wes ses Visible se 
| 0-05 Visible Barely ‘ds =Fe 4) = Fe 
; visible 3372-1 3500 
0-10 aes =Fe Fe aes =Fe a 
2947-7 3368-8 3459-9 
Copper. Aluminium, Silicon, 
Cu Line Cu Line Al Line Al Line Al Line Si Line 
3247-5. 3274. 3944, 3961-5. 3082-1. 2881-6. 
0-005 pan eee Barely 
visible 
0-01 =Fe sae eee eee eee Visible 
3248-2 
0-015 wee =Fe res. Barely 
3942-4 visible 
0-03 =Fe eee ood -Fe aes 
3244-2 3963 
0-04 sa soe ‘ie =Fe 
3080 
0:05 on =Fe Fe ne eee =Fe 
3271 3940-8 2887-8 
0-10 eee =Fe eee eee ees =Fe 
3286-8 | 2880-8 


























Photo-Electric Microphotometer. 


Apart from the limitation of visual estimation, the method of 
internal comparison had been found very satisfactory, and it seemed 
that its use might be extended to cover much larger percentages if 
one could substitute for the eye a more accurate method of estimating 
the intensity of spectrum lines. Some method of photo-electric 
measurement appeared to be essential, and as Messrs. Adam Hilger, 
Ltd., the manufacturers of the author’s spectrographs, had made 
a non-recording microphotometer which was designed primarily for 
the examination of spectrograms, the matter was discussed with them 
and they kindly loaned an instrument for the author’s experiments. 
It soon became evident that such an instrument was to be of immense 
value. Certain alterations and additions were found to be necessary. 
oe These were made and a microphotometer was purchased. The 
125 P. 1939—i Q 
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modified instrument is shown in Fig. 19. It consists essentially of a 
light source, a carriage to take the plate, a slit, a photo-electric 
cell, and a mirror galvanometer with scale. When reading spectra the 
light is focused on the line the density of which is to be measured, 
the transmitted light is passed through the slit on to the photo- 
electric cell, and the current generated is measured by the galvano- 
meter, in conjunction with a scale upon which a spot of light is 
reflected by the mirror of the galvanometer. 


Fig. 20 gives a view of the microphotometer screen and slit, ° 


showing the image of a portion of a spectrogram. Under normal 
working conditions the slit is covered by a hood to prevent inter- 
ference from external light. When the intensity of a line is being 
read, the position of the plate is adjusted by means of controls on the 
plate-holder until the line is exactly parallel to the slit and lying 
just beside it. The plate is then moved by means of a slow-motion 
device on the stage, so that the line under examination moves slowly 
across the slit. As this is done the light on the galvanometer scale 
is seen to move along the scale and return again when the line has 
passed the slit. The minimum reading, which corresponds with the 
maximum intensity, is then noted. In this manner, pairs of lines, 
one given by one element under estimation and one by the main 
constituent, are compared for intensity. The principle is the same 
as that underlying visual comparison, but the method leaves nothing 
to personal judgment. 

Since the purpose in view was the estimation of the major 
alloying elements rather than impurities, and that to be of much 
practical value it was necessary that one should be able to cover 
a fairly wide range of composition, it was obvious that it would 
be a most tedious and almost impossible task to find suitable com- 
parison lines for every amount to be estimated. This, however, 
is quite unnecessary. Instead of the comparison table already 
described, standard curves are prepared from photo-electric readings 
of standard spectra obtained from accurately analysed steels, covering 
in graduated intervals the desired range of composition. The 
logarithmic ratio of the photo-electric readings obtained from suitable 
lines of the element and of iron are then plotted against the 
percentage of the element found by chemical analysis. Unknown 
steels of the same class can then be analysed by obtaining the log 
ratios of line pairs in the same manner, and reading off the percentage 
of the element on the graph. 

The log ratios of the intensities are plotted instead of the direct 
ratios because they are found to give a more suitable form of curve. 
This is probably due to the fact that the emulsion of the plate 
responds, within certain limits, almost logarithmically to light of 
different intensities. 

Fig. 21 shows part of the spectra of six samples of steel con- 
taining nickel ranging from 1-41% to 49%. It will be seen that it is 
impossible to detect with the eye any important difference between 
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the intensity of the nickel lines over the whole range of composition. 
By photo-electric measurements, however, important differences 
are easily detected. 

Fig. 28 shows a graph prepared by plotting the log ratio of 
photo-electric readings obtained from the arc spectra of fourteen 
samples of steel against the nickel content as found by chemical 
analysis. The latter ranged from 25% to 44%. Each point on 
the curve is the mean of three tests. It will be seen that although a 
number of the points fall rather wide of the curve, several points 
lie on it, and although it could not, as a whole, be regarded as satis- 
factory, it showed sufficient promise to warrant further investigation. 
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Fic. 28.—Graph prepared from Photo-Electric Readings of Are Spectra of 
fourteen samples of steel containing 2-5% to 4:4% of nickel, 
Curves which were prepared in a similar manner for the elements 
silicon, manganese, chromium and molybdenum closely resembled the 

one for nickel as regards accuracy. 


Causes of Variable Results. 


From a careful review of all the conditions under which the tests 
were made, the factor which appeared most likely to be the cause 
of variation—segregation excluded—was the source of light or the 
conditions of excitation. It had frequently been noticed that 
during exposure the arc tended to wander, with the result that it 
was not focused all the time at the centre of the slit. It was also 
found that during exposure an appreciable quantity of oxide was 
formed on the specimen, and it was thought that this might be 
causing interference with the arc, and thereby adversely affecting 
the results. 
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Tests in an Inert Atmosphere. 


In an endeavour to overcome the effects of oxidation, experi- 
ments were made in which the are was formed in an inert atmosphere. 
The device used is shown in Fig. 22. It consists of a small metal 
cylinder which carries the electrodes, and is insulated from them by 
ebonite bushes. It has a small window in the middle which permits 
the operator to view and centre the arc. The gas is introduced 
through a tube situated near the bottom of the cylinder, and it 
leaves through a tube opposite the observation window. This latter 
tube also permits light from the arc to reach the spectrograph slit. 
Tests with this device were carried out with coal gas, carbon dioxide, 
ammonia, nitrogen and with a restricted air supply. With 
ammonia and carbon dioxide it was not found possible to maintain 
the arc. With the other gases the arc was maintained, and the 
results showed some improvement, but the difficulties attendant 
on the method, particularly that of centring the are and obtaining 
the correct gap, were too great to warrant the method being 
pursued. 

Rotation of Sample during Exposure 


An experiment was then made in which the sample was rotated 
during arcing, as it was thought that this might reduce the amount 
of oxidation. It was found, however, that above a certain minimum 
speed of rotation the are could not be maintained, and below this 
speed oxidation was still very pronounced. The apparatus used is 
that shown in Fig. 23. It consists of a device for rotating the sample 
in either the horizontal or the vertical plane and in the correct 
position for arcing with the upper electrode. 


Spark Spectra. 


Having investigated fairly exhaustively the suitability of arc 
spectra, the author and his colleagues next turned their attention 
tothe spark. The practice of photographing the spectrum of metals 
obtained by sparking is essentially the same as that employed with 
the arc. The same electrode-holder is used, but instead of supplying 
D.C. current to the electrodes they are connected to a high-tension 
A.C. supply. The spark is produced by a high-tension discharge, 
using an A.C. transformer with a condenser in parallel, together with 
an optional tapped induction coil in series with the high-tension 
current. The effect of the capacity of the condenser is to alter 
the intensity of the spark, which increases with the capacity up to a 
certain point, beyond which the spark becomes irregular. The 
author has found the optimum value of capacity to be 0-005 micro- 
farad, which is the standard condenser employed for all his work on 
spark spectra. 

In the first experiments with the spark, the same kind of elec- 
trodes were used as those employed with the arc, namely, a rod of 
pure iron pointed to an angle of 80° in the upper electrode-holder, 
and the sample of steel with a flat surface in the lower holder. The 
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gap between the electrodes, however, was reduced from 4 mm. to 
2mm. The results, although showing some improvement over those 
obtained with the arc, were still below a standard which could be 
regarded as satisfactory for quantitative analysis. 

The effect of substituting a rod of graphite for the pure-iron 
electrode was next investigated and a very distinct improvement 
in results was at once apparent. Based on the results of these 
preliminary experiments it was possible to draw up a set of standard 
conditions for spark spectra, which are stated in Table VI. 


TasLE VI.—Standard Conditions for the Preparation of Spark: 





Spectrograms. 
Wave band 2,700 to 4,300 A. 
Slit width ; ‘ ; ; ; 0-015 mm, 
Distance of electrodes from slit . ; bs . 85cm. 
Spark gap 2-0 mm. 
Voltage . 2 : : ‘ ‘ ‘ - 15,000 V. 
Added inductance ‘ ; ‘ Nil 


H.S. Graphite Rod, 6-5 mm. dia., 


Upper electrode 
pointed to 80°. 


Lower electrode : ; . Sample steel 

Exposure . : ° ° . . . - 10sec. 

Plate : ‘ : ; : Zenith Supersensitive, 700 H. & D. 
Development 1) Standardised developer 


) 
) Time, 90 sec. at 67° F. 
) Fixed in acid hypo for 15 min. 
) Washed in running water for 20 min. 
) Dried in current of warm air. 
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A small section of a spectrum obtained under these conditions is 
shown in Fig. 24. It serves to show the necessity for employing an 
instrument and a technique which will give the maximum resolution 
and dispersion. Here, as in many other parts of the spectrum, 
there are suitable lines for the determination of certain percentages 
of nickel, chromium and vanadium, but it is only possible to use 
them when they are clearly separated from each other. It will be 
seen that the wave-lengths of some of the adjacent lines in this 
spectrum differ by as little as 0-3 A., yet they are well defined and 
separated. Such separation could not be effected on smaller instru- 
ments, and this is the reason why the large spectrograph is essential 
for the quantitative analysis of steel. 

It may also be mentioned that distinctive groups of lines such 
as these are of great assistance when taking photo-electric readings. 
They. are readily detected when they appear on the screen of 
the microphotometer, and the ease with which lines such as the 
3101-5 nickel and the 3100-6 iron can be read is obvious. The 
reading of a pair like this actually takes about 30 sec. 


Preparation of Comparison Curves. 


Fig. 25 shows typical spark spectra obtained from samples of 
steels which contained increasing amounts of chromium. The in- 
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crease in intensity of the chromium line with increase in chromium 
content is apparent to the naked eye, but it is desirable to do some- 
thing more than differentiate between 0-08% and 0-19%, or 0-19% 
and 0-37%, and soon. Hence one takes microphotometer readings 
of the chromium line and the 3116-6 iron line, which is a suitable one 
for comparison, and from these a graph is drawn. The readings 
taken from the spectrogram are recorded in Table VII. The second 


TaBLe VII.—Table Prepared from Photo-Electric Readings of the 
Spark Spectrograms in Fig. 25. 

















Microphotometer Readings. 
Chromium. %. Log Or/Fe. 
Or 3118-65. Fe 3116-6. 
0-08 20-1 12-1 0-221 
0-19 18-05 12-5 0-160 
0:37 14-85 11-95 0-095 
0-70 11-75 11-9 1-995 
1-40 8-7 11-9 1-864 























and third columns of this Table show the readings given on the 
galvanometer scale. For the reason already stated the log of the 
ratio of each pair of readings is then obtained. These are shown in 
the last column. A graph in which the chromium content is plotted 
against the log ratio is then constructed. The curve, partly con- 
structed from this Table and partly from tests on fifteen other 
steel samples having different chromium contents, is shown in Fig. 
29. The points taken from Table VII. are marked with a cross. 
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Fic, 29.—Standard Curve for the Estimation of Chromium from spark 
spectrograms. 


Graphs which have been constructed in the same manner for the 
elements nickel, manganese, silicon, vanadium, chromium and 
molybdenum are shown in Figs. 30 to 35, 
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Fia. 30A.—Standard Curve for the Estimation of Nickel from spark 
spectrograms, 
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It should be mentioned that each point on these curves represents 
the mean value obtained from nine separate exposures. It will be 
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Fie. 30c.—Standard Curve for the Estimation of Nickel from spark 
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Fie. 314.—Standard Curve for the Estimation of Manganese from spark 
spectrograms, 


seen that practically all the points lie on or very close to the curves, 
which indicates that when standard conditions are rigidly adhered to, 
and differences due to heterogeneity are rendered negligible by taking 
the average of a number of tests, an accuracy of a satisfactory order 
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for routine quantitative work should be possible. Although separate 
curves have to be used for each element, all these elements can be 
estimated from the same spectrogram. 
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Fic, 318.—Standard Curve for the Estimation of Manganese from spark 
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Fig, 32.—Standard Curve for the Estimation of Silicon from spark 
spectrograms, 


The curves for chromium in Fig. 34 are used when vanadium is 
present. The curve in Fig. 29 cannot be used, because a vanadium 
line lies so close to the chromium line used in the construction of 
the curve that it interferes with the reading. 
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Fie, 33.—Standard Curve for the Estimation of Vanadium from spark 
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Effect of Variables in the Technique. 


Having arrived at what appeared to be a satisfactory technique, 
the author next set out to determine the extent to which the 
accuracy would be affected by varying the standard conditions. 

Variation in Exposure.—The effect of variation in the time of 
exposure was first investigated. For this purpose spectrograms 
were prepared under the standard conditions of exposure—that is, 
10 sec.—from ten different samples of steel the nickel content of 
which covered the range 2:03% to 4:37%. 
spectrograms was then prepared from exposures of 3 sec., 6 sec. and 


7 N\ 
Cr 3408'8 
Fe. 3404°4 les ™ 
7-95 ae — 
7-90 ~ 
SN 
0:20 0:40 060 0-80 ie) 12 4 6 


Fic. 34.—Standard Curve for the Estimation of Chromium in the 
Presence of Vanadium from spark spectrograms, 
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15 sec. These were then read, and Table VIII. gives the results 
which were obtained. It will be seen that an exposure of 3 sec. 
tends to give high results with the lower percentages of nickel and 
low results with the higher percentages. With 15 sec. exposure there 
is little difference on low percentages, but with high percentages the 
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Fic. 35.—Standard Curve for the Estimation of Molybdenum from spark 
spectrograms, 
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values increase. The results obtained for 6 sec. exposure are 
generally in very good agreement with those obtained under standard 


Taste VIII.—Effect of Varying the Time of Exposure. 


Effect on the nickel content of steels determined spectrochemically. 



































Spectrochemical Figures, Ni%. Exposure— 
Chemical Figure, 
Ni. %. 
iva 10 Sec 3 Sec 6 Sec. 15 Sec. 
2-03 2-02 2°17 1-98 2-00 
2-47 2-46 2-75 2-53 2°51 
2-50 2-54 2°62 2-54 2-44 
2-53 2-53 2-56 2-48 2-54 
2-89 2-85 2-87 2:77 2-95 
3-04 2-98 2-94 3-02 2:97 
3:07 3-05 3-01 3-11 2-99 
3°59 3-63 3-61 3°56 3°74 
4:10 4:03 3°89 3:97 4-40 
4-37 4-37 4-05 4-30 4-65 








conditions. Since in practice there is found to be no difficulty in 
controlling the time of exposure within one second, it is clear that 
there is little risk of variable results due to such variations in ex- 
posure as are likely to occur. 

Variation in Time and Temperature of Development.—Tests were 
next made to determine the effect of varying the time of develop- 
ment and the temperature of development. The author’s standard 
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conditions are 90 sec. at 67° F. In these tests one series of spectro- 
grams was developed for 75 sec. and another for 105 sec., both at 
the standard temperature. Another series was developed at a 
temperature of 62° F. and another at 72° F., both for the standard 
time. A further series of tests was made to determine the effect 
of using a very stale developing solution. The results, which are 
recorded in Table IX., demonstrate that when the nickel content 


TaBLE 1X.—Effect of Varying the Conditions of Development. 


Effect on the nickel content of steels determined spectrochemically. 























7 
hemninel Standard Variation of Time. Variation of Temp. Ste 
ion Ni. Pg Devebopieg 
Ye 67°F. | 75 Sec, | 105 Sec. 62° F (ay, | Polntie. 
2-00 2-00 2-24 1-92 2°17 1-86 2-42 
2-53 2-50 2:66 2-47 2-60 2-40 2-84 
2-90 2-92 2-96 2:94 3-00 2-70 3-10 
3-07 3-04 3-08 3-06 3:19 2-98 3°27 
3°57 3-60 3°64 3-69 3°50 3°57 3°52 
3°98 4-00 3°94 4:03 3°86 4:10 3°66 
4:37 4-40 4:27 4:55 4-29 4-55 3°94 

















Note.—The above spectrochemical figures were obtained from the cali- 
bration curve obtained by plotting standard steels with the following internal 
comparison : Ni 3101-56; Fe 3100-67. 


is low, short exposures tend to give high results and long exposures 
low results. Similarly, when the nickel content is high, short 
exposures tend to give low results and long exposures high results. 

The effect of variation in temperature follows similar lines. 
When the nickel content is low, a low temperature tends to give 
high results and a high temperature low results, and when the 
nickel content is high the reverse occurs. The effect of the stale 
developing solution is, as would be expected, similar to that obtained 
from a short exposure, a short period of development, or develop- 
ment at a low temperature. The solution used for this test was 
artificially aged by standing in an unstoppered bottle and being 
frequently shaken to accelerate oxidation. Its condition would be 
equivalent to that of developer many months old, and it was obvious 
from its colour that it was quite unsuitable for use. The volume of 
the solution usually made lasts about three weeks, and tests on 
standard steels have shown that the results are not affected by any 
changes which occur during that period. 

Excluding the results obtained with the stale developer, it will 
be seen that none of the figures for nickel content differ very seriously 
from those obtained by chemical analysis. Further, since no 
difficulty is experienced in timing the development within + 2 sec. 
nor in maintaining the temperature of the developer within + 2° F., 
it is clear that the liability to error on account of variation in the 
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time or temperature of developement can be ignored. If in summer 
difficulty should be experienced in maintaining temperatures as 
low as 67° F., a new series of curves could be constructed for any 
temperature that it was considered desirable to adopt. 

The reason why a short exposure and short development at a 
low temperature tend to give high results for low nickel contents, 
and low results for high nickel contents, is bound up with the charac- 
teristics of the photographic plate, together with the fact that one 
takes for the comparison of intensity only one iron line the intensity 
of which is constant, whereas several nickel lines are used, the in- 
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tensities of which vary appreciably with the range of the content 
covered. When one has a nickel line the intensity of which corre- 
sponds very closely with that of the iron line, and would, therefore, 
give a log ratio of zero, the relation of these to each other would 
remain constant whatever the conditions of development. If, 
however, one has a nickel line the intensity of which is much less 
or much greater than that of the iron line, their relation to one 
another is liable to vary with development, in so far as over-develop- 
ment will give a more “ contrasty ”’ negative and under-development 
a less contrasty one. To relate this to the log-ratio curve, over- or 
under-development has the effect of pivoting the curve one way or 
the other about the zero point, as indicated in Figs. 36a and 36s. 
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Here the full line in each graph was constructed from spectrograms 
prepared under standard conditions. The dotted line indicates the 
effects of under-development and the broken line over-development. 
It will be seen that both the latter cross the standard curve very 


near the zero point of the log ratio. 
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Fia. 368.—Effect of Temperature of the Developer on the Accuracy. 


Effect of Preliminary Sparking.—The effect of sparking for a 
period before making an exposure was next investigated. This 
was done because certain workers who have investigated the 
suitability of spectrochemical methods for the analysis of aluminium 
and its alloys have reported improved results when they employed 
a preliminary sparking period. ‘Tests were first made in the normal 
manner, by giving 10 sec. exposure immediately the spark was 
struck. Then further tests were made in which the spark was 
allowed to run for 30, 60, 90, 120 and 150 sec. before the exposure 
was made, and then 10 sec. exposure was given. Four exposures 
were made for each condition of test, and the maximum and mini- 
mum deviations from the averages of these were obtained. The 
results, which are stated in Table X., indicate that, as regards steel 
analysis, the preliminary sparking period has very little influence on 
the results. 

Influence of Shape and Material of Upper Electrode.—Tests were 
next made to determine the influence of the shape and the material 
of which the upper electrode is made. The shape and composition 
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TaBLE X.—Effect of Preliminary Sparking Periods. 
The figures represent the maximum and minimum differences in per- 
centage composition from the average figure of 4 spectrochemical deter- 
minations for each condition of test. 





— Si. %. | Mn. %. Ni. %. Cr. %. Mo. %. 
following = ee a —* 
Preliminary | 

Spark for—| Plus. | Minus. | Plus. | Minus. | Plus. | Minus. | Plus. | Minus. | Plus. | Minus. 














Nil . | 0-015) 0-015 | 0-02 | 0-03 | 0-10} 0-09 | 0-015) 0-035] 0-11 | 0-05 
30 sec. |0-01 | 0-01 |0-04 | 0-02 | 0-07] 0-07 | 0-02 | 0-01 | 0-07] 0-07 
60 ,, |0-01 | 0-01 | 0-02 | 0-02 | 0-10} 0-10 | 0-015) 0-005 | 0-07 | 0-07 
90 ,, |0-02 | 0-01 |0-04 | 0-04 | 0-06] 0-10 | 0-02 | 0-02 | 0-08} 0-09 
120 ,, |0-02 | 0-01 | 0-015) 0-025 | 0-06] 0-07 |0-02 | 0-02 | 0-09) 0-09 
150 ,, |0-01 | 0-01 | 0-02 | 0-02 | 0-14] 0-14 |0-01 | 0-01 | 0-07} 0-05 






































Chemical composition of the sample: Si 0-:16%, Mn 0-49%, Ni 3-07%, 
Cr 0:615%, Mo 0:50%, V 0-10%. 


of the electrodes used for these tests and the accuracy obtained on 
samples with nickel contents up to 4% are shown in Table XI. It 
will be seen that no electrode gives more consistent results than the 
TaBLE XI.—Influence of Material and Shape of Upper Electrode. 


Spectro results with respect to nickel contents in steels. 





Accuracy. % 
General Observations. 























Material. Shape of End. | (for Ni up to | 
| | 4%). 
Sample steel | Pointed +0-20 | Exposures uneven. 
Graphite . ” +0-09 | Even exposures. 
ys . | Chisel-edged +0-09 | Tendency to _ preferential 
| | sparking. 
és . | Flat | +0-15 | Tendency to _ preferential 
sparking, also uneven ex- 
posures and lines diffuse. 
Py Spherical +0:20 Tendency to _ preferential 
: sparking. 

Silver. . | Pointed +0-09 Slightly more background 
than with graphite elec- 
trode. 

Pure iron . ‘s +0-20 Exposures uneven. 

perce '? | Chisel-edged +0-50 Exposures uneven and pre- 
| ferential sparking. 

2» oo» + | Blat Poor Exposures uneven and pre- 
| ferential sparking. 





pointed graphite one which the author has adopted as standard for 
spark spectra work on steel. The worst results were obtained with a 
pure-iron electrode cut to a chisel edge, and this is attributed to the 
great and uneven strengthening of the iron line relative to the 
nickel line, and the irregular and preferential sparking which occurs 
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along the chisel edge. The flat-ended iron electrode also gave very 
poor results, and these were obviously caused by preferential 
sparking. 

Silver gave a result similar to graphite, but as it is more costly 
no advantage would be gained by its use. 


Influence of Variability of Material under Examination. 


Having examined the effect on the accuracy of what appeared 
to be the most important variables connected with the preparation 
and evaluation of spectra, the author next turned his attention to the 
effect of variables connected with the material under examination, 
namely, its physical condition and heterogeneity. 

Effect of Physical Condition.—Results of tests to determine the 
influence of physical condition are noted in Table XII. Three 
conditions were tested, namely, fully annealed, hardened, and 
hardened and tempered. These results indicate that the physical 


TasLe XII.—Jnfluence of the Physical Condition of the Sample upon 
the Spectrochemical Results. 

















‘ “— ‘ Test Si. Mn. Ni. Cr. Mo, V. 
Condition of Sample. No. o,” %,, 9,” %, %,. | o” 
Fully annealed 1 0-15 | 0-58 | 3-14 | 0-62 | 0-50 | 0-11 
2 0-14 | 0-51 | 2-95 | 0-67 | 0-61 | 0-11 
3 | 0-16 | 0-55 | 3-16 | 0-61 | 0-47 | 0-10 
4 | 0-13 | 0-46 | 2-97 | 0-55 | 0-42 | 0-09 
5 0-12 | 0-52 | 3-10 | 0-61 | 0-52 | 0-11 
6 0-14 | 0-48 | 3-04 | 0-67 | 0-52 | 0-11 
“| 0-15 | 0-48 | 3-2% 0-62 | 0-51 | 0-11 
8 | 0-16 | 0-50 | 3-12 | 0-58 | 0-46 | 0-10 
Fully hardened 1 0-13 | 0-50 | 3-14 | 0-59 | 0-47 | 0-10 
2 0-14 | 0-51 | 3-10 | 0-58 | 0-46 | 0-10 
3 0-14 | 0-50 | 3-04 | 0-60 | 0-48 | 0-10 
4 0-15 | 0-47 | 3:02 | 0-67 | 0-59 | 0-11 
5 | 0-14 | 0-49 | 3-16 | 0-60 | 0-53 | 0-10 
6 0-14 | 0-50 | 2-88 | 0-59 | 0-50 | 0-09 
7 0-13 | 0-49 | 2-97 | 0-59 | 0-49 | 0-10 
8 0-14 | 0-49 | 3-02 | 0-59 | 0-46 | 0-10 
Hardened and tempered 1 0-15 | 0-58 | 3-16 | 0-63 | 0-47 | 0-10 
2 0-14 | 0-51 | 3-25 | 0-61 | 0-53 | 0-11 
3 0-16 | 0-57 | 3-10 | 0-58 | 0-42 | 0-09 
4 0-16 | 0-57 | 3-20 | 0-67 | 0-55 | 0-12 
5 0-13 | 0-54 | 3-04 | 0-65 | 0-48 | 0-10 
6 0-14 | 0-57 | 3-08 | 0-61 | 0-48 | 0-11 
7 0-14 | 0-50 | 3-12 | 0-60 | 0-52 | 0-09 
8 | 0-13 | 0-51 | 3-18 | 0-60 | 0-46 | 0-11 
Average of Tests. 
Fully annealed. . | O14 | 0-51 | 3-09 | 0-62 | 0-50 | 0-105 
Fully hardened hs . | 0-14 | 0-49 | 3:04 | 0-60 | 0-50 | 0-10 
Hardened and tempered 0-14 | 0-54 | 3-15 | 0-62 | 0-49 | 0-10 
Chemical figures 0-15 | 0-515} 3-07 | 0-615) 0-495} 0-105 
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condition of the metal does not influence the results of spectro- 
chemical analysis. The difference between the averages of each 
of the series of tests is within the limits of normal experimental error 
for this method of estimation. 

Heterogeneity.—The question of heterogeneity was next examined. 
The degree of heterogeneity exhibited by forged or rolled steel is 
dependent upon several factors, such as the condition of the metal 
at the time of tapping, the rate of pouring, the rate of solidification, 
and the amount and nature of the work subsequently done upon it. 
Although in bars and small forgings the original as-cast structure 
is well broken down, in large forgings, where a relatively small amount 
of work is done, the breakdown is not so complete, and hetero- 
geneity is more evident. As a large amount of the author’s work 
consists of determining the chemical composition of large forgings, 
the samples required for his investigation were taken from them. 

Fig. 26 illustrates the macrostructure of a forging which is 
typical of many submitted for tests. The spot seen is the crater 
left after a spark spectrogram had been obtained under standard 
conditions. Observing the very small amount of metal which has 
been volatilised during this operation, and noting the fact that the 
pattern developed by etching is caused by differences in chemical 
composition, it will be obvious that variations in spectrochemical 
results are likely to be obtained if only one spot is examined, even 
though the most perfect technique is employed. On this account 
the author has adopted for routine work a standard practice of 
making three exposures on each sample and taking the average 
figure of the three results. If the three results obtained differ 
by more than a given amount a further set of three exposures is made. 
In case this appears a tedious process, it may be restated that an 
exposure takes only 10 sec., and the photo-electric reading of a line 
pair only 30 sec. 

The accuracy by this method may be judged by the results 
given in Table XIII., in which are compared the chemical and 
spectrochemical results obtained on fifty consecutive samples of 
nickel-chromium-molybdenum steel which were received for analysis. 
The two series of tests were carried out by different men and quite 
independently of each other. 

Fig. 27 shows transverse and longitudinal sections of a forging 
containing segregates, which are fortunately far more numerous than 
those generally encountered. The segregates appear as pin-heads in 
the transverse section at the top of the illustration, and some idea 
of their length is obtained from their appearance in the longitudinal 
section which is shown below. As the diameter of many of these 
segregates is about 2 mm., and the crater formed by sparking only 
about 1 mm., it appeared that it might be possible to obtain some 
useful information as to the composition of such segregates by means 
of the spectrograph. Spectrograms were therefore taken by 
positioning the centres of segregates immediately below the point of 
the top electrode and then sparking in the usual manner. Tests 

1939—i ‘ R 
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Taste XIII.—Comparison of Results of Chemical and Spectro- 
chemical Tests on Samples of Ni-—Cr-Mo Steel. 


Tests on 50 consecutive steel samples received at the laboratory, all of which 
were analysed chemically and by the spectrograph. 





Element. Range Covered. Accuracy. 





Silicon . | 0-05-0-30% | All spectro results fell within + 0-015% of 
chemical figure. 


Manganese . | 0-20-0-70% | 48 spectro results fell within + 0:02% of 
chemical figure. 2 spectro results were 
0-10% lower than chemical figure. 


Nickel : 2-5-3:5% | 48 spectro results fell within + 0-10% of 
chemical figure. 1 spectro result was 
0-25% lower, 1 spectro result was 0:25% 
higher than chemical figure. 





Chromium . | 0-50-1:2% | 48 spectro results fell within + 0-02% of 
chemical figure. 1 spectro result was 
0-05% higher, 1 spectro result was 0-:05% 
lower than chemical figure. 


Molybdenum | 0-20-0:60% | 48 spectro results fell within + 0:03% of 
chemical figure. 1 spectro result was 
0-10% higher, 1 spectro result was 0-12% 
lower than chemical figure. 

















were also made in positions which appeared to be clear of the segre- 
gates. Table XIV. contains the results obtained. All the figures 
are the results of single exposures, not the average of three as is the 
author’s usual practice. Some of the variation in the composition 
of the segregates is probably due to the spark not being struck quite 
at their centre, and it is likely that their composition is not constant 
throughout their section. ‘The average results, however, which are 
shown at the foot of the Table, give a very clear indication as to the 
metals which segregate most in steel of this class. These are shown 
to be manganese and molybdenum. It is known that the segregates 
also contain carbon and sulphur in excess of the amount present in 
the normal metal, but this information was not obtained 
spectrographically. 

In order to minimise the effects of segregation of this order on 
the results of routine spectrochemical tests, the author is now carrying 
out some experiments in which short exposures are made in about 
six different positions on the sample and are superimposed on one 
another on one spectrogram. Space does not permit of a fuller 
description of the process here, but it can be said that the resu!ts so 
far obtained are very promising. 

The range of alloy steels now analysed by routine spectrochemical 
methods and the accuracy claimed, except in special cases where 
the sample under test contains very large segregates, are indicated 
in Table XV. The accuracy shown at the foot of this Table may 
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TasLE XIV.—Spectrochemical Results obtained on Segregated and 


Non-Segregated Parts of Material shown in Figs. 274 and 272. 





Cr. Mo. 





























Position of Test. | — | on. = | %, %, 
Segregates 1 | 0-24 | 0-63 | 3-04 | 0-84 | 0-90 | 

2 | 0-24 | 0-84 | 2-90 | 0-74 | 0-82 

3 | 0-22 | 0-57 | 2-92 | 0-71 | 0-82 

4 | 0-22 | 0-66 | 2-74 | 0-68 | 0-60 

5 | 0-22 | 0-48 | 2-58 | 0-65 | 0-78 

Non-segregated material 6 0-18 | 0-42 | 2-62 | 0-60 | 0-45 

7 | 0-20 | 0-42 | 2-64 | 0-55 | 0-50 

8 | 0-19 | 0-44 | 2-84 | 0-60 | 0-35 

9 | 0-17 | 0-42 | 2-66 | 0-57 | 0-47 

10 | 0-20 | 0-50 | 2-50 | 0-62 | 0-44 

11 0-20 | 0-43 | 2-62 | 0-62 | 0-41 

12 | 0-17 | 0-42 | 2-62 | 0-59 | 0-41 

13 | 0-17 | 0-44 | 2-68 | 0-59 | 0-44 

14 | 0-19 | 0-45 | 2-52 | 0-64 | 0-44 

15 | 0-20 | 0-49 | 2-50 | 0-60 | 0-38 

16 | 0-20 | 0-43 | 2-74 | 0-59 | 0-48 

17 | 0-22 | 0-46 | 2-72 | 0-64 | 0-51 

18 | 0-20 | 0-42 | 2-72 | 0-57 | 0-47 

19 | 0-20 | 0-43 | 2-66 | 0-57 | 0-51 

20 | 0-21 | 0-41 | 2-68 | 0-59 | 0-44 

21 0-18 | 0-42 | 2-62 | 0-57 | 0-41 

22 | 0-22 | 0-42 | 2-66 | 0-60 | 0-47 

23 | 0-19 | 0-41 64 | 0-58 | 0-38 

Average segregates , ‘ 0-23 | 0-64 | 2-84 | 0-72 | 0-78 

Average non-segregated material 0-19 | 0-43 | 2-65 | 0-59 | 0-44 

Chemical figure ‘ 0-18 | 0-42 | 2-56 | 0-57 | 0-40 





TaBLE XV.—Steels Analysed by Spectrochemical Methods and the 
Accuracy Attainable. 










































































Type of Steel. Ni Or Mo. = Co a Al 
/o* /o* /0* /o* /o* /o* 4 
Carbon 0-01-| 0-01-] 0-01-]| 0-01- 0-01- | 0-005—|} 0-005- 
1-00 0-10 0-10 0-10 0-10 0-10 0-05 
Nickel 1-00—| do. do. do. do. do. do. 
4-5 
Ni-Cr do. 0-10-| do. do. do. do. do. 
1-50 
Ni-Cr-Mo-V do. do. 0-10-| 0-10 - do. do. do. 
0-70 0-25 
Mn=Mo 0-01-| 0-01-} °0-10-]} 0-01 - do. do. do. 
1-00 0-10 0-40 0-10 
Accuracy attainable at percentage shown. 
Ni. Cr. Mo. We Co. Cu. Al. 
%: %: %: %- %: %- %: 
Content 3-50 0-80 0-70 0-25 0-10 0-10 0-05 
Accuracy +0-10 | +0-04 | +0-05 | +0-02 +0-02 | +0-02 | +0-01 























244 P BARKER : 


not be as great as is sometimes claimed for routine chemical analysis, 
but it will be agreed that it does not fall far short, and that it is 
adequate for most purposes. ; 

The advantage to be gained by the use of the spectrograph 
for metal analysis is dependent largely on the nature and volume of 
the work to be done. Where the volume is small, the class of metal 
being handled is known, and the time occupied in analysis is not 
an important factor, it might be difficult to justify the purchase of 
the necessary equipment. Where, however, samples of unknown 
composition have frequently to be examined, or samples which can 
be separated into groups of the same type are received in large 
numbers, as in the author’s laboratory, it can be said as a result of 
very extensive experience that the spectrograph is of immense 
value. 

As an illustration of its utility two examples may be cited. 
Several samples of 70/30 brass are often received together for com- 
plete analysis to a specification which limits the impurities to very 
small amounts. The elements to be estimated are lead, bismuth, 
cadmium, arsenic, antimony, tin, iron, manganese, aluminium and 
nickel. The chemical analysis of a batch of twelve samples of this 
material used to occupy one man about a week. By spectro- 
chemical methods the same analysis can be completed by one man 
within 3 hr. 

As regards steel analysis, twelve samples of nickel-chromium- 
molybdenum steel can be analysed spectrochemically for the 
elements silicon, manganese, nickel, chromium, molybdenum, 
vanadium, aluminium and copper in less than one day. Estimates 
as to the time that one man would take to make such analyses by 
chemical methods will vary, but it will doubtless be agreed that the 
most speedy workers could not compete with the spectrograph on 
such an analysis. 

During 1938 approximately 50,000 quantitative determinations 
have been made in the Admiralty Laboratory, Sheffield, by spectro- 
chemical methods, exclusive of those connected with development 
work. Furthermore, it is anticipated that during the present year 
this number will be almost doubled. From the information which has 
been given, it will doubtless be realised that a very important 
saving in time and material is effected when the spectrograph is 
applied to analysis on this scale. 


In conclusion, it is desired to express the indebtedness of the 
Sheffield Laboratory to the Director of Scientific Research, Admiralty, 
and the Chief Inspector of Naval Ordnance, for their interest in the 
work, to the Board of Admiralty for permission to publish the results 
obtained, and to the Research Department, Woolwich Arsenal, 
for the supply of certain steel samples which were used in connection 
with the investigation. 
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DISCUSSION. 


Dr. C. H. Descu, F.R.S. (Vice-President, Teddington, Middlesex), 
in opening the discussion, said that metallurgists generally would be 
very interested in the extremely valuable information brought to- 
gether in the paper. In the last few years quantitative spectro- 
graphic analysis had made great progress, and in Britain the author 
and his colleagues had done a great deal by carrying out such a large 
number of analyses in such a careful way to improve the real useful- 
ness and availability of the methods. Not long ago spectrographic 
analysis was used almost exclusively for detecting minute quantities 
of impurities in metals, and it was only recently that the improve- 
ments in methods, due mainly, he thought, to Professor Gerlach, 
had made it possible to estimate accurately even considerable 
quantities of foreign substances in a metal. The older quantitative 
methods were distinctly troublesome and did not give a very high 
order of accuracy, but the method of internal comparison was 
extremely simple and accurate. 

The author and his colleagues were to be congratulated on the 
great success which they had had in making the matter strictly 
quantitative. The logarithmic ratio for chromium against the 
percentage of chromium had been shown by a curve, and the 
regularity of the points on the curve was very striking. When that 
degree of accuracy was reached the method was certain to be regarded 
as of extraordinary value. 

At the National Physical Laboratory they were now using a 
method very similar to that described by the author with a non- 
recording microphotometer, which gave a simple method of reading. 
He noticed that in Germany a good deal of use was made of recording 
instruments, but he imagined that there was no very great advantage 
there; the reading of a galvanometer was a quick and easy matter, 
and the instrument was simple and not excessively costly. 

As an illustration of the kind of work which had been done at 
the National Physical Laboratory by using that method, he might 
mention that they had occasion to examine considerable numbers of 
fragments of objects obtained from archeological excavations. 
Museum curators were very reluctant to let anyone have 10 g. of a 
valuable specimen in order to make a full analysis, but they did not 
object to giving a milligramme or two for a micro-analysis or spectro- 
graphic analysis. At the National Physical Laboratory they had 
been using micro-analysis until lately, but the process was tedious 
and costly. It was possible to make an analysis very rapidly with 
the spectrographic method with complete satisfaction. 

The extension of the method to larger quantities was a most 
interesting recent development. The method was not limited any 
longer to measuring minute fractions up to 0-05 % ; it was now possible 
to make an analysis up to several per cent. of foreign elements. 

A great deal depended on the exact way in which the spectra 
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were produced. One had, of course, the choice between arc and 
spark spectra, but there had been many differences of opinion as to 
the best means of producing those. The interrupted are and special 
spark devices were used, and it would be interesting to hear the 
opinions of those who had worked on the subject as to the best 
means of generating the spectrum. He thought that actually each 
operator found out the conditions which suited him best by a process 
of trial and error, but it would be very useful when sufficient informa- 
tion had been brought together for it to be possible to lay down a 
definite standard for use in laboratories. 

There was one other method of producing spectra in addition to 
the are and spark methods, and that was the flame spectrum, which 
in certain cases had very decided advantages. Dr. Barr was doing 
work at the National Physical Laboratory on flame spectra, 
which gave excellent results for certain elements. 

At a meeting of the Institute of Metals last year there had been 
a general discussion on the application of the spectrograph to metal- 
lurgical analysis, and it was interesting to find how much success 
had been obtained in a number of different laboratories. The subject 
was a live one at the present time, and the paper must be regarded 
as a most valuable contribution to it. 


Mr. F. W. Harsorp C.B.E. (Past President, London), said that 
not only the author but the Institute was to be congratulated on the 
very able and interesting paper which has been presented. It was in 
every way typical of what a technical paper should be. It dealt 
entirely with essentials; there was nothing superfluous in it and the 
author did not make any extravagant claims. It described clearly 
how by systematic research work the important results recorded 
had been arrived at. 

He would like to ask the author whether there was any possibility 
of the technique being so developed that it would be possible to 
estimate percentages of sulphur, phosphorus and carbon in steel. 
No reference was made in the paper to these elements, but they 
were very important in ordinary steelworks practice, and it might 
prove most useful if the estimation of small quantities of these 
elements were shown to be possible. 


Dr. W. H. Hartrrevp, F.R.S. (Vice-President, Sheffield), men- 
tioned that the author was working in the Naval Ordnance In- 
spection Laboratory at Sheffield, and added that it was necessary to 
pay a visit to that laboratory, as he himself had done, to realise the 
very great service which the work described had been to the Ad- 
miralty. In Sheffield they had to deal with large numbers of 
analyses and the economic aspects of the matter were very important, 
particularly when dealing with the non-ferrous metals. Anyone 
who had attempted non-ferrous analysis on an extensive scale in the 
laboratory knew what an interminable time was taken in the deter- 
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minations. The methods utilised by the author enabled all that 
work to be done in a fraction of the time which would otherwise 
be required and to be done very accurately, and it would appear 
that the procedure which the author had now developed with regard 
to steel, alloy steels and so on showed promise of being very success- 
ful. In contributing the paper to the Institute the author had 
rendered it a very great service, on which he was to be congratulated. 


Mr. A. 8. Pyge-Smiru (London) said that he could not contribute 
any first-hand experience in the matter of spectrographic analysis, 
but he felt impelled to take part in the discussion because his late 
brother-in-law, Mr. Hugh Ramage, had devoted a good deal of his 
life to this subject—not so much to the examination of steel as of 
other materials. 

On the last page of the paper the author laid stress on the great 
saving of time which could be effected by using this method, and 
on the advantage of it when examining specimens of unknown 
composition. Ramage’s results fully confirmed the truth of both 
these claims. ) 

In the bibliography there was a reference to the work of W. N. 
Hartley. Ramage became an assistant to Hartley in 1892 and 
among other work they examined spectrographically the flames 
issuing from the basic Bessemer converters at Middlesbrough. 
Silver, copper, gallium and rubidium were all shown to be present, 
having entered the charge along with the iron.! 

After retiring in 1930 from his work as Director of the Technical 
Institute at Norwich, Ramage, realising the possibilities of this kind 
of research, took it up again and developed his method of quantitative 
analysis very successfully. Like the author, he claimed that it was 
possible in this way to get very close quantitative results. His 
work recently had been more particularly in connection with 
biological specimens, but the value of the method was proved by 
such unexpected discoveries as a concentration of barium in the eyes 
of cattle, of strontium in one part of the edible snail and of man- 
ganese in another part. Silver and copper were also shown to be 
present in appreciable quantities in mushrooms. One could realise 
that in these days when so many metals were added to steel, a 
method by which they could be similarly quickly detected and their 
quantity determined would be a valuable one. A very good instance 
of the quickness with which a correct result could be obtained by 
this method where others had failed occurred recently. For many 
years what was known as Morton Mains disease had wrought havoc 
amongst the sheep in certain areas in New Zealand, whilst in other 
areas there was complete freedom from the trouble, and sheep trans- 
ferred from bad to good areas quickly recovered. Much work of the 
trial-and-error type had failed to reveal the true cause of the trouble, 
but a deficiency of some substance needed by sheep in the soil of the 


1 Journal of the Iron and Steel Institute, 1901, No. II., p. 197. 
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bad areas was indicated. Samples of the soils from the good and 
the bad areas were sent to Britain for spectroscopic examination and 
in a very short time Ramage found the difference between them. 
The good soils contained the very small proportion of 0-0007% of 
cobalt, whilst this element was absent from the bad soils.1 Subse- 
quent trials had shown that the addition of a similar proportion of 
cobalt to the bad soils effected a phenomenal improvement in badly 
affected sheep in a very short time, thus confirming the correctness 
of the spectrographic results. 


Mr. F. Twyman, F.R.S. (London), said that he had been making 
spectroscopes and spectrographs since 1898, and it would therefore 
be readily understood how strong was the temptation for him to 
take up time in personal reminiscences. He had only been in his 
then new job for a few months when he began to wonder why the 
spectroscope had not been applied to a greater extent in practical 
chemistry, a purpose for which it seemed to be so well fitted when it 
was discovered in 1861. He set himself to design an instrument 
which would be convenient to use, and would measure the spectrum 
lines direct in wave-lengths. The instrument was put on the market 
in 1904, and although many of them were sold, they were not used 
to any great extent for analysis. In 1907 he designed and took out 
a provisional patent for an instrument to carry out analysis by what 
was known as the internal-standard method. He was not successful 
in getting this instrument appreciated by the few practical analysts 
to whom he made it known, and none were sold. 

The researches of Hartley and Gramont had by that time made 
clear the advantages to be derived from using the ultra-violet region 
of the spectrum, and the speaker was encouraged by their work to 
design the first fixed-adjustment quartz spectrograph instrument. 
Both Hartley and Gramont used instruments of this type in their 
later researches. It was about 1909-1911 that the speaker designed 
the three types of quartz spectrographs which in dispersion and 
general layout were the standard types in use to-day in all countries. 
Many of those instruments were sold all over the world, but they 
only slowly came into use for the industrial analysis of metals until 
the last ten years or so. The earliest quartz spectrograph regularly 
used for that purpose was supplied by the speaker to the American 
Brass Company in 1913, and a few weeks ago he was glad to hear 
from that company that this instrument had been in constant use 
for these twenty-five years, and was still doing good work. 

Having spent so much of his life in developing these instruments 
and methods he was gratified to read such an important paper on 
the application of the spectrograph to the analysis of steels, a paper 
which was not only the first of its kind in Britain but in his view 
the best yet published in any country on that particular application. 
When he began to read the paper he had been a little disappointed, 


? Wunch, Chemistry and Industry, 1937, vol. 15, Sept. 25, p. 855. 
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for he thought that at least a thousand workers in various countries 
would be quite familiar with the details that were given in the 
beginning, but before coming to the end he realised that by the 
careful study of a very large number of details of routine the author 
had arrived at a technique which enabled him to do work which, 
considering the range of materials dealt with, the number dealt with 
in a given time and the accuracy obtained, had not been equalled 
anywhere else in the world. 

He thought that the reason for the author’s success was that so 
much emphasis had been laid on standardisation, not of an extreme 
or meticulous character but involving reasonable attention to a 
number of details. There was nothing in the method which required 
an undue amount of pains or time, or it would not have been possible 
for 50,000 specimens to be examined last year; but the author had 
taken the different items of technique, had tried different ways of 
carrying them out, and had then selected the most important and 
rapid one which would give good results and adhered to it. 

The author had established two facts which appeared to be new 
and of very great practical importance. The first was the effect of 
inclusions in producing a preferential action in the spark. The 
second was concerned with the question of speed. Most workers 
had been in the habit of giving a considerable amount of time to 
pre-sparking before commencing the photographic exposure of each 
specimen, and some authorities said that for light alloys it was 
desirable to spark for five or even seven minutes before taking the 
photograph. Mr. Barker did no pre-sparking at all in the case of 
steel analysis. The speaker’s own experience was that no such 
length of pre-sparking was necessary, at any rate if one used the 
ordinary resonant sparking circuit. 


Mr. J. C. Swan (London) drew attention to the fact that while 
the internal-standard method was probably the most satisfactory 
for doing a great deal of routine analysis, there was another method, 
the solution method,! of preparing samples which was very useful 
for those who did not do a great deal of routine work. The internal- 
standard method was very convenient when the necessary tables 
had been prepared, but where that was not the case it involved the 
undertaking of rather a large amount of work. In the case of the 
solution method, however, it was only necessary to make up a 
standard solution with pure chemical salts in the small proportions 
required, and also add, if required, the requisite proportion of, say, 
copper, or other major element to that solution. A series of half- 
a-dozen or more standard solutions so prepared were photographed 
on the same plate as the unknown samples. This gave a direct 
comparison without referring to an internal standard. In general, 
that was a very useful method of estimating the impurities or small 
amounts of alloying elements. 

Another case in which it had been found useful was when dealing 


1 Mankowich, Metals and Alloys, 1938, vol. 9, June, p. 131. 
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with thin aluminium foil. It was almost impossible to get a 
satisfactory spark with thin aluminium foil, because of the formation 
of aluminium oxide, and the only method available was to use 
the solution method. The method was also satisfactory for small 


amounts of sample. 


Dr. A. H. Jay (Stocksbridge, near Sheffield) said that the paper 
would be of very great value to industry. It dealt with the many 
factors which could affect the results, and showed how by standard- 
ised procedure reliability could be achieved. One small point to 
which the author did not refer, however, was the accuracy of the 
microphotometer measurements. In academic X-ray work it 
would be considered good to obtain a variation in the intensity 
measurements of + 2%, the error being mainly due to the film itself. 
A comparison of two lines would therefore give a possible error of 
4%. InTable XII., for nickel, the values varied from 2-95 to 3-23, 
2-88 to 3-16, and 3:04 to 3-25. The high accuracy of the method 
was therefore not obtained in a single determination, but arose 
from the fact that many determinations could be made from one 
photographic plate, giving a final average value having a possible 
error of only 0-5-1%. It meant that the author’s routine technique 


was very good indeed. 


Mr. E. vAN SoMEREN (Waltham Cross, Hertfordshire), referring 
to the origin of the spectroscopic method, recalled that a Frenchman, 
Lecoq de Boisbaudran, in 1874 pointed out that the spectroscope 
was “now an indispensable adjunct in the laboratory of any chemist.” 

The present valuable paper, he continued, was so rich in practical 
details that it might almost be used as a text-book for beginners in 
metallurgical spectrochemical analysis. Because so much detail 
was given, he was tempted to ask for more, and the first question he 
would ask was why a relatively coarse-grained photographic plate 
was selected instead of a fine-grained plate such as Ordinary 
or Process or Half-tone. It seemed to him that one of the advantages 
of the type of spectrograph used at Sheffield, in which several plates 
must be used to cover the range of the spectrum, was that different 
types of plate could be used, each in the region for which the 
emulsion was most suitable. 

A more fundamental question dealt with the standardisation of 
conditions. Fig. 26 showed that the type of spark selected struck 
repeatedly at almost the same spot, or at least in a 2-mm. dia. 
circle.. That would appear to aggravate the trouble caused by 
segregation. The selection of a spark circuit with more self- 
inductance, together with a modified shape of electrode, would 
result in a spark which wandered over an area of, say, 3 x 6 mm. 
and so volatilised a more representative sample of material. In 
that connection the work of the U.S. Naval Laboratory, published 


last year, was of some interest. 








52 P BARKER: QUANTITATIVE SPECTROGRAPHIC ANALYSIS 


CORRESPONDENCE. 


Mr. M. Mizsourn (Birmingham) wrote that the extension of 
spectrographic methods to the analysis of alloy steels as detailed in 
this paper marked a considerable advancement, more particularly 
from the point of view of the comprehensive scope of the work. 
The subject matter, however, raised one or two points, mostly with 
regard to technical details, on which further comments might be 
helpful. 

First, the oxidation during arcing or sparking of ferrous materials 
was regarded in the paper as adversely affecting the results, but 
experience with the arcing of copper-rich alloys had shown that 
oxidation was necessary for the proper functioning of the are. 
For instance, a copper arc could not be maintained in a reducing 
coal-gas flame, and with an arc between copper and graphite the 
copper spectrum was greatly reduced in intensity. These results 
showed that one could not generalise as to the behaviour of different 
materials in the arc or spark. 

The elimination of self-inductance from the spark circuit might 
be attended with certain disadvantages. The background in the 
resulting spectra would be more intense than when self-inductance 
was used, particularly when the spectra were recorded on a com- 
paratively fast plate such as Zenith Super-sensitive. This back- 
ground might interfere with the photometric measurements of line 
intensities, and it would add to the value of the paper if the author 
could include some comparative results with and without self- 
inductance. It was interesting to note, however, that there was no 
change in relative intensity as sparking proceeded, in other words 
there was no “ sparking-off effect.” 

It would also be advantageous to have details of the size and form 
of the sample electrode, and any information which the author 
might have on the effect of changes in the form of this electrode on 
the results would be interesting. 

There was one small point with regard to the arcing of aluminium 
and its alloys. It was probably better to make the aluminium 
sample the positive electrode and the graphite rod negative, as this 
gave a greater intensity to the aluminium spectrum than the 
reversed polarity. 





AUTHOR’S REPLY. 


The AvurHor, in reply, wrote that the contributions of all those 
who participated in the discussion were much appreciated. 

With regard to the comments of Dr. Desch, it was agreed that 
little, if any, advantage would result from the use of a recording 
microphotometer. The non-recording type of instrument was 
rapid and simple in operation, and it had been shown that the 
accuracy obtainable with it was of a high order. 
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As regarded flame spectra, their utility for quantitative metallur- 
gical analysis had been considered, and by the courtesy of Dr. Ogg, 
of the Macaulay Soil Research Station, Aberdeen, some tests on 
alloy steels were made with a Lundegardh apparatus at that station. 
The results obtained on certain elements were satisfactory, but the 
range of elements which could be estimated by the method as 
normally operated was found to be very limited. It was possible 
that by a modified procedure the range could be extended, and, if so, 
the method would be valuable, because it would permit of the 
analysis of samples which were in an unsuitable form for the methods 
at present operated, and might be a means of obtaining more 
satisfactory results on samples which contained heavy segregates. 
It might also be mentioned that the Lundegardh flame emission 
method had been used very successfully by Dr. Mitchell, of the 
Macaulay Institute, in connection with the analysis of soils. 

With regard to the point raised by Mr. Harbord as to the 
suitability of spectrographic methods for the determination of 
sulphur and phosphorus, these elements gave a few faint lines in 
the spectrum, but not with such small amounts as were generally 
present in steel. It was possible that with special conditions of 
exposure, sulphur, phosphorus and carbon might be estimated, but 
not under conditions which would be suitable for the estimation of 
the other elements. It was doubtful, therefore, whether any great 
advantage would result, particularly as rapid and accurate chemical 
methods now existed for the estimation of these elements. 

The excellence of the work of Ramage, which was referred to by 
Mr. Pye-Smith, was acknowledged. The results which he obtained 
without the aid of many of the accessories available to-day were a 
great tribute to his skill and ingenuity. It was doubtful, however, 
whether the methods employed by him would give the accuracy 
necessary for quantitative metallurgical analysis. 

The comments of Mr. Twyman, who had for so many years been 
directly associated with the design and construction of spectro- 
graphs and the development of technique for spectrographic 
analysis, were much appreciated. 

Mr. Swan referred to a solution method of preparing samples. 
This method had doubtless something to commend it in certain 
circumstances, such as when samples for analysis were of a non- 
routine character and standard comparison tables or graphs were not 
available. The preparation of standard solutions, &c., occupied 
very much more time than a technique based on emission from solid 
samples. The solution method was also complicated, because of 
the influence which the proportion of other elements in the alloy 
had upon the element to be estimated. Unless the extent of this 
influence was known and compensated for, the accuracy of the results 
would be adversely affected. 

Mr. van Someren asked why a relatively coarse-grained photo- 
graphic plate such as the Ilford Zenith was selected for use instead 
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of a fine-grained plate such as Ordinary or Process or Half-tone. 
Before the Zenith plate was adopted for steel analysis, tests were 
made with plates which possessed various characteristics, and it 
was found that, whilst Process or Half-tone plates were quite 
satisfactory for the estimation of elements present in relatively large 
amounts, they were less suitable for elements present in small 
amounts, because spectrum lines of a suitable density for comparison 
could only be obtained with long exposures. In order to make tests 
with the maximum speed consistent with accuracy, it was necessary 
that several elements should be estimated on one spectrogram, and 
since some of the elements were frequently present in much larger 
amounts than others, a compromise had to be made. The Zenith 
plate was found to be the most suitable generally, and it was adopted. 
A lengthy experience with this plate had shown it to be very uniform, 
free from blemishes, and generally reliable. In the work on super- 
imposed exposures referred to on p. 242 Pp, a Half-tone plate was being 
used with satisfactory results, but here the conditions were different, 
in that the strength of the lines given by the elements present in 
small amounts was increased by the spectrum being built up from 
several exposures. There were doubtless many other applications 
in spectrographic work to which the Half-tone was suitable. The 
actual choice of plate, however, for any specific purpose must 
necessarily depend on a variety of factors, such as those discussed 
above. 

With regard to the other point raised by Mr. van Someren, on the 
conditions of sparking, it was found that a wandering spark led to 
very erratic and unreliable results on heterogeneous material such 
as steel, because preferential sparking occurred at points where the 
composition differed appreciably from the average. For example, 
very variable results for manganese were obtained on steels which 
contained large inclusions of manganese sulphide. From the results 
of many tests it had been found that the best values for the average 
composition were obtained by employing a localised spark, and then 
taking the average reading from three or more exposures. 

Mr. Milbourn remarked upon the necessity for oxidation to ensure 
the proper functioning of the arc with copper. The results of experi- 
ments in the Bragg Laboratory on the arcing of steel in inert 
atmospheres confirmed the difficulty in maintaining an arc in the 
absence of oxide. Where it was found possible, however, to main- 
tain the arc but limit the amount of oxidation as in the tests with 
coal gas and restricted air, a greater accuracy and uniformity were 
obtained than by arcing in free air. It was partly on this account 
that tests with the spark were commenced. The general heating 
of the specimens and the amount of oxidation which took place when 
the spark was used were considerably less for a given exposure than 
those which occurred with the arc. 

With regard to Mr. Milbourn’s suggestion that the amount of 
background was likely to be increased by the elimination of self- 

















OF METALS.—AUTHOR’S REPLY. 255 P 


inductance, although it was agreed that there would be this tendency, 
experience had shown that the background was not heavy, and its 
effect on the accuracy of determinations was negligible when the 
technique described in the paper was employed. 

With regard to the sample electrode on which information was 
requested by Mr. Milbourn, this might be of any size, provided that 
it could be held conveniently in the electrode stand and was not too 
small to permit of the following procedure : For arc spectra two flat 
faces were filed on the test-piece to form a V of 90°, and small nicks 
about #3; in. apart were made in the edge to prevent the arc from 
wandering excessively. The piece was then set up in the electrode 
stand with the edge of the V parallel to the optical axis. Broken 
tensile test-pieces were found to be very suitable for the sample 
electrode when prepared in this way. For spark spectra the flat 
end of the test-piece head or any flat surface was all that was 
necessary. The piece was fixed in the lower holder of the electrode 
stand with the flat face in the horizontal plane, and the rod forming 
the other electrode was fixed vertically in the upper holder. When 
specimens of very small size or thickness had to be examined, the 
comparison tables and graphs which were used for the evaluation of 
spectra prepared as described above were not applicable, and others 
specially drawn up to suit the conditions of the test would have to be 
employed. This was particularly necessary with arc spectra, because 
the specimens became heated to a greater extent than with the spark, 
the heat was not conducted away so rapidly as when normal specimens 
were used, and a greater amount of metal was volatilised during a 
given period. It was not possible to draw up a set of conditions 
which would suit equally well all the shapes and sizes of specimens 
which might be received for examination. This, however, was not 
considered to be an obstacle to the general application of spectro- 
graphic methods, because the preparation of standard data to suit 
any particular set of conditions did not present any great difficulty 
when the factors which influenced the results were known. 

















THE REFINING OF METAL IN THE BASIC 
OPEN-HEARTH FURNACE.* 


THE INFLUENCE OF FLUORSPAR ON THE PROCESS. 
By W. B. LAWRIE, M.Sc. (WorKINGTON, CUMBERLAND). 


SUMMARY. 


The addition of fluorspar to the basic open-hearth furnace to 
facilitate the removal of sulphur was suggested by Saniter. 

The influence of the fluorspar is probably indirect, the fluorspar 
giving greater fluidity to the slag and enabling it to carry additional 
lime. 

In the actual sulphur removal the manganese probably plays 
practically a catalytic part, undergoing a cycle of reactions in suit- 
able slag conditions. 

Apart from the sulphur removal, however, the manganese passes 
from the metal to the slag, or from the slag to the metal, the direction 
of migration depending on the slag conditions. 

When the bases are exceptionally low, and the available MnO is 
needed to give a monosilicate in the slag, there is probably no reduc- 
tion of the manganese to the metal. 

When the slag is about ‘‘ neutral’? and forms a monosilicate 
without the MnO, then the latter is probably free to be reduced on 
the addition of lime : 


(2MnO)SiO, + 2CaO —-> (2Ca0)SiO, + MnO, 
MnO + C—>CO + Mn. 


If the bases are definitely in excess, as when fluorspar and lime 
are added, then no reduction of the MnO of the slag is possible. 
This may be due to the formation of a higher acidic oxide of man- 
ganese, which then readily reacts with the bases of the slag to give 
calcium manganite, CaO.MnO,. This latter seems to be a stable 
compound, from which manganese cannot subsequently be reduced. 

This view would appear to receive support from the fact that the 
presence of oxides inhibits the reduction of manganese oxide from 
the slag. With a large feed of scale or ore, there will be no increase 
of the bath manganese, whatever the lime content of the slag. Pre- 
sumably the oxide present promotes the formation of such higher 
acidic oxides of manganese as will readily pass to the basic slag by 
the formation of calcium manganite. 

It has been noticed that chromium behaves in a very similar way 
to manganese, which seems to confirm further the view, as chromium, 
like manganese, can give higher oxides which are acidic in character. 
Presumably the chromium is returned to the slag as an acid oxide 
which gives calcium chromite with the bases of the slag. 

Nickel is unchanged in the furnace, as its heat of formation pre- 
vents any such oxidation. 

The view would seem to obtain further support from the fact 
that phosphorus is also removed from the metal by the formation of 
an acidic oxide, which then reacts with the basic slag. 


* Received April 28, 1938. 
1939—i s 
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Incidentally, the presence of fluorspar renders the slag useless as 
a fertiliser, because the phosphates are insoluble in the weak soil 
acids. It has been suggested that this is due to the formation of a 
fluor-apatite, CaF,.3CaO.P,O;. 

Carbon is removed best by a slag of low basicity; consequently, 
the use of fluorspar is undesirable where large quantities of carbon 
have to be eliminated. 

The suggestion that manganese and chromium, like phosphorus, 
migrate to the slag on account of the formation of higher acidic 
oxides in the presence of oxidising conditions seems to be in complete 
agreement with the behaviour of iron oxides. 

Only when the reducing conditions set up by the presence of 
carbon in the early stages have been largely removed is there an 
appreciable increase of the oxide in the slag, this increase being due 
to the oxidation of the FeO to Fe,0O;, which then acts as an acidic 
oxide to give calcium ferrites. 


INTRODUCTION. 


TuE charge of the basic open-hearth furnace consists of pig iron and 
scrap. In the hot-metal process, iron from the blast-furnace goes 
through the mixer to the open-hearth furnace, and constitutes 
75% or more of the charge, the rest being scrap. In the scrap 
process the basis of the charge is scrap steel. This may be up to 
85%, of the charge, the remaining 15° being pig iron. 

In either case, however, the refining of the metal consists of the 
removal of some of the carbon and the partial elimination of sulphur 
and phosphorus, the manganese changes which occur being 
incidental to the process. 

It is extremely important that the oxygen content of the bath be 
controlled during the removal of carbon, as incorrect measures may 
easily lead to an oxygen-rich steel with correspondingly inferior 
properties. 

Bardenheuer and Thanheiser ‘? showed that so long as sufficient 
carbon is present in the heat (about 0-2°% minimum), it is the sole 
factor controlling the oxygen content of the bath. As the carbon 
sinks below this value the oxygen content of the bath becomes 
increasingly determined by the ferrous-oxide content of the slag. 
Reagan gives the FeO in the metal proportional to the FeO in 
the slag for a given carbon content over the normal range of working. 
The ferrous oxide is, in turn, affected by the manganese content of 
the metal and the slag. In general, the return of manganese from 
the slag is a sure sign of a low oxygen content in the bath, the need 
for subsequent deoxidation becoming less as the rate of return of 
manganese from the slag increases. Confirmation of this is given 
by the previously quoted author, who states that low FeO and high 
temperature give a high residual manganese in the metal. 

It is of interest here to note the work of Maurer and Bischof,® 
who calculated the distribution of manganese between the metal 
and the slag. They concluded that for a given amount of manganese 
in the charge, the greater the amount of calcium in the slag the 








gree 
it wi 
deo 


slag 


dist 
tha’ 
tem 
mal 
reas 


of t 
larg 
vig 
rep 


will 
on 
tim 


Suy 
var 
sulj 
act 
bal 


rea 


anc 
sec 


pro 
wh 
to 1 








FLUORSPAR ON THE BASIC OPEN-HEARTH PROCESS. 259 P 


greater was the amount of manganese in the metal. Consequently, 
it would seem that the presence of lime in the slag promotes bath 
deoxidation. 

Korber ® stated that the manganese distribution between the 
slag and bath followed the law of mass action. This is confirmed 
by Tammann and Oelsen,“ who found that the manganese 
distribution obeyed ‘‘ the simple laws of mass action.”” They added 
that the partition coefficient of manganese varied with the 
temperature, and that in the basic process the distribution of 
manganese only attained to equilibrium when the phosphorus 
reactions were also nearly in equilibrium. 

Korber and Oelsen further confirmed that the oxygen content 
of the bath was controlled by the carbon, should this be present in 
large quantities. They showed that when the carbon reacted 
vigorously the oxidising action of even silicate slags might be 
repressed to a great extent. 

It is, however, with the sulphur removal that the present paper 
will be largely concerned. This element depends for its removal 
on the presence of lime, manganese, manganese oxides and some- 
times fluorspar in the slag, and the reactions involved are influenced 
by the thermal, chemical and mineralogical conditions of the slag. 
Superposed on these is the effect of the gas, which will contain 
varying amounts of sulphur; and whilst the gas may decrease the 
sulphur content of the steel, it is more than probable that any 
actual decrease in the sulphur is only to be effected in practice by 
balanced reactions involving the bath and slag. 

Maurer and Bischof‘? suggested the following as the two 
reactions which occurred : 

FeS + H, = Fe + H,S, 
FeS + 0, = Fe + SO,, 


and an examination of practical results showed that it was the 
second of these reactions which governed the sulphur distribution. 

Whilst, however, the reactions can certainly be made to 
proceed in the laboratory from right to left, it would seem doubtful 
whether, in general steelworks practice, they ever proceed from left 
to right sufficiently to produce any marked decrease in the sulphur 
content of the bath, or to be of any real interest to the actual steel- 
maker. 

The authors quote from Diehl,‘® in whose work the sulphur 
variations are so slight as to seem almost to come within the limits 
of experimental error. 

The presence of the slag between the metal and the gas also 
makes it extremely difficult to follow with any exactitude reactions 
which may occyr between the sulphur compounds of the gas and the 
metal, and this difficulty is increased by the changing constitution 
of the slag and by its many disturbing factors. 

The main factor of interest to the steelmaker is that in certain 
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circumstances the sulphur of the metal increases, an increase which 
is only attributable to the gas. Consequently, in acid practice, 
where the sulphur of the metal cannot be removed, the fuel sulphur 
is closely observed. 

Probably the main factors in sulphur removal are the lime and 
manganese contents. Trifanow and Mirew investigated the 
reactions between CaO + FeS, 3CaO + FeS, and CaS + FeO at 
different temperatures, and concluded that the prime factor 
influencing desulphurisation was lime. 

Kohler 1 found that lime exercised a distinct influence on the 
desulphurisation, the sulphur content of the steel being in inverse 
ratio to the lime content of the slag, whilst that of the slag was 
directly proportional. He also stated that the speed of 
desulphurisation was governed by the lime. Within limits this 
seems to be true, but a large excess of lime gives a thick slag, so 
that above certain limits the speed of desulphurisation is greatly 
affected by the fluidity of the slag, whilst slag movements and 
temperature also impose their effects. 

Manganese certainly influences the sulphur, although Kohler 
could find no relationship between the speed of sulphur removal 
and the manganese content. 

It is noticeable that if lime is lacking, even though the manganese 
be high, there is no removal of sulphur, but, given a reasonable 
lime content, the presence of manganese promotes desulphurisation. 

The bulk of the evidence goes to show that sulphur removal 
demands a high degree of basicity and a large slag volume, whilst 
a high manganese content coinciding with these conditions is 
favourable. 

As K6hler” pointed out, however, a high basicity gives a 
viscous slag. For the rapid removal of sulphur in the basic process 
this is overcome by the introduction of fluorspar. 

The generally accepted views of the chemistry of the basic open- 
hearth furnace were modified considerably by a paper published 
by Colclough.2 Previously it had been generally held that the 
thermal aspects of the process were of paramount importance. 
Colclough, however, pointed out that the slag composition was the 
dominating factor, and that the thermo-chemical effects were 
subsidiary to this. 

The bulk of his paper dealt with charges to which little or no 
fluorspar had been added, whilst the present paper is an attempt 
to view the process when fluorspar is used, in the light of Colclough’s 
conclusions. 

It should be noticed that, throughout, the manganese is viewed 
as playing practically a catalytic réle in the removal of the sulphur, 
and that the slag composition is the most important factor in the 
chemistry of the process, as was shown by Colclough. 

The use of fluorspar came as an important contribution to basic 
open-hearth steelmaking in 1892, when it was suggested by Saniter. 
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Unfortunately, the introduction of fluorspar into the furnace 
renders the slag useless as a fertiliser, and consequently the fluorspar 
is restricted to furnaces in which rapid working is desirable, and 
where there will be no subsequent attempt to dispose of the slag 
for its fertilising properties. 

The fluorspar used in open-hearth furnaces is chiefly “ seconds,” 
and in the best samples may contain up to 95% of CaF,, the 
remaining 5% consisting of silica, calcite and traces of metallic 
sulphides. Inferior qualities may contain up to 30% of silica, 
quantities of calcite (CaCO,.10H,O), some barytes (BaSO,.10H,0), 
galena (PbS) and iron pyrites (FeS,). 

The analyses of fluorspars given in Table I. are typical examples. 


TaBLE I.—Analyses of Typical Fluorspar Samples. 


8 (as 


Sample. |CaCO;. %.| SiO, %. | Sulphide). | BaSO,. %.| CaF. “h Remarks. 
*r 























| 
1 3-26 2-68 Trace | Trace | 92-16 | Good 
2 5-92 3-42 Nil | Nil 90-00 | Good 
3 3-70 0-38 3-23 | 23-68 | 72:24 | Useless 
4 24-12 3-30 0-20 | “060 | 70-24 | Poor 





THE SANITER PROCESS. 


The basis of all previous attempts to remove sulphur had been 
the use of manganese, or manganese ores alone. Saniter, however, 
in 1892, suggested the addition of fluorspar to the furnace, adding 
about 4 ton to a 50-ton furnace as soon as the charge was melted. 
He then added limestone frequently to increase the basicity of the 
slag. 
The addition of the fluorspar kept the slag fluid and “ mobile,”’ 
and the limestone calcined, giving CO,. The evolution of the gas 
was supposed to keep the slag ‘‘ porous.”’ 

It is noticeable that, although the addition of the fluorspar and 
limestone chills the slag, yet it becomes more fluid, suggesting that 
the fluorspar lowers the melting point of the slag. 


THe INFLUENCE OF FLUORSPAR ON THE SLAG. 

Many theories have been formulated concerning the behaviour 
of fluorspar in the basic slag, but there is probably no exact theory 
that will cover all the facts. 

Hamilton “? suggested that the thinning of the slag might be 
accounted for by the following reactions : 


38i0, + 2CaF, = 2CaSi0, + SIF, . . . . (1) 
9 


3CaO + SiF, = 2CaF,+CaSiOQ, - .. . (2 


The fluorspar reacts with silica to give calcium silicate and silicon 
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fluoride, which is a gas. Some of the gas escapes, but a greater 
part will react with lime and give fluorspar again, and more calcium 
silicate. The cycle goes on until there is no silicon fluoride left. 
The calcium silicate formed has a low melting point, and so the 
slag is thinned. Schleichter ” postulated similar reactions. 

Sisco 19 suggested the formation of a calcium silico-fluoride thus : 


3CaF, + 3Si0, = CaSiF, + 2CaSiO, . . . . (3) 


Bainbridge “ said that on adding sufficient fluorspar to a basic 
slag, the whole of the phosphate was converted to apatite, 
3(3Ca0.P,0;).CaFy. 

Geiger 1 suggested that the concentration of CaO increased 
because of the increased CaO from the calcium of the fluorspar and 
also on account of the decrease in the SiQg, as SiF, escaped as a gas. 
This freed CaO combined readily with Fe,O., giving xCaO. Fe, 0s. 
This latter compound, he said, gave greater fluidity to the slag than 
the (CaO).SiO, which it replaced. 

Matsukawa 16 gave analyses of slags to which fluorspar had 
been added. He said that in ten basic slags there was 0-1-0-4% of 
fluorine, and that 15-16% of the added fluorspar remained in the 
slag. He added that the loss of fluorine and silicon corresponded 
to the ratio SiF,. 

The reactions are probably very complex, but the melting point 
and the viscosity decrease remarkably on the addition of fluorspar. 

The desulphurisation of steel baths was studied by Meyer and 
Gorrissen,2” who suggested that the improvement in desulphurisa- 
tion caused by fluorspar was due to the fluorspar rendering the 
highly basic slag more fluid and more reactive, and not due to the 
formation of gaseous compounds of fluorine and sulphur. 

Schwerin 4® agreed that fluorspar reduced the viscosity of 
basic slags, thereby increasing their activity, and speeding-up the 
reactions. He added, however, that it could be directly effective 
by the formation of volatile sulphur-fluorine compounds. 

Schwerin? also compared the addition of fluorspar to a slag 
with an increase in its temperature, stating that the effects were 
analogous. He found that, for a given slag, the lower its temperature 
the greater was the effect of the fluorspar, whilst for any given 
temperature the effect of the fluorspar was proportional to the 
amount used. 

Probably the most satisfactory working explanation of the 
chemistry of the process was given by Colclough ® in his paper 
of 1923. He said “ the addition of fluorspar to the slag enables 
it to carry additional lime.’’ That is, the addition of lime and 
fluorspar together causes the slag to become more basic, the solubility 
of the slag for. lime being increased. This means that the lime 
(and other bases present) give an excess of bases over the acid oxides 
present, thus leaving “ free lime.”’ 
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The additional lime that can be carried in the slag containing 
a large amount of fluorspar can easily be seen from Table II. In 
this Table a comparison is made between a slag taken from 
Colclough’s paper (loc. cit., p. 273) and a typical slag which had 
been fed with fluorspar. It will be seen that the lime content 
of the slag A, which was fed with fluorspar, is greatly in excess of 
slag B, which contained no fluorspar. 


TaBLE Il.—Lffect of Fluorspar on Lime-Carrying Capacity of a Slag. 








. Slag A. | Slag B. | 
Constituent. Containing ( ‘ay. | No CaF,. | 
le Me Ps eee et Ree 8-4 
Iron. % ; é : ‘ 12:1 11-6 
CaO. % 53-2 37°5 
| P,O,. % 4-20 14-06 
|} MnO. % ° . ° ‘ 5-61 7-19 
| MgO. % : ¥ . m 5-18 13-90 


THE MANGANESE CYCLE. 


The action of the manganese in the removal of the sulphur is 
viewed by Colclough in such a manner that the manganese practically 
becomes a catalyst. He said “it appears that manganese silicate 
is unstable in the presence of free lime. On the addition of lime 
there is an immediate reduction of MnO, and an increase of the 
manganese in the metal—that is, the manganese oxide has been 
brought into such a state as to be capable of reduction by carbon 
or phosphorus.” 

According to Colclough, therefore, the free lime reacts with 
the manganese (present as a monosilicate in the slag) and causes the 
formation of calcium monosilicate and manganous oxide by the 
following reaction : 

(2MnO).Si0, + 2CaO —> (2CaO).SiO, + 2Mn0  . . (4) 
The oxide of manganese thus formed is then reduced by carbon 
or phosphorus : 
MnO + C—>CO + Mn — 62,755 cal. . ~. .« (5) 
This manganese disperses in the metal, giving an increase of 
manganese in the bath. The manganese so dispersed then reacts 
with the sulphur (probably present as FeS) : 
FeS + Mn——->MnS+Fe .... . (6) 
As the MnS is soluble in the slag it passes out of the metal bath, 
and on exposure to the oxidising conditions of the furnace atmo- 
sphere it gives SO,, which passes off with the flue gases : 
2MnS + 30, —> 2Mn0 + 280, . . . . (7) 
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The MnO is then available for further reduction by equation (5) 
if the conditions are still suitable. 

This chain of reactions gives a complete cycle for the manganese, 
as the MnO in the slag at the start is to be found there at the finish, 
when the MnS has been oxidised, allowing the sulphur to pass off 
as SQ,. 

Such, then, is the cyclic chain of reactions, as outlined by 
Colclough, which takes place during the sulphur removal. On 
the basis of this hypothesis, therefore, the manganese content of 
the bath would be increased by the addition of lime. This 
manganese oxide would then be reduced to manganese, which, 
dispersing in the metal, would react with the sulphur (present as 
a sulphide in all probability) to give manganese sulphide. The 
manganese sulphide passing to the slag would be oxidised, the 
sulphur passing off as sulphur dioxide (SO,) and the manganese 
giving manganese oxide. There would be no change in the 
manganese content of the metal in such a cycle. Clearly, however, 
the presence of sulphur is vital to the cycle. Towards the end 
of the charge the sulphur content of the bath would be decreased, 
with the result that the reaction : 


Mn + FeS —> MnS + Fe 


would be retarded, becoming progressively slower and slower ; and 
with a very low sulphur content in the bath the reaction would, 
for all practical purposes, cease. That is, the manganese cycle 
suggested would apparently decelerate as the sulphur was removed, 
and would practically cease when the sulphur content of the bath 
was too low to complete the cycle. 

It will be noticed, however, that the reduction of the manganese 
oxide from the slag by the equations already given (7.e., (4) and (5)) 
is independent of the sulphur content of the bath, and is dependent 
only on the addition of lime and the presence of some reducing 
agent, such as carbon. Consequently, when the sulphur content 
of the bath is too low to complete the manganese cycle, manganese 
is still being added to the bath by these reactions if lime is fed. It 
is not now, however, being returned to the slag as sulphide, because 
the low sulphur is inhibiting the chain of reactions. Thus the 
manganese content of the bath would be expected to rise if lime 
were fed towards the end of the charge and if the sulphur were 
very low. 

Thus it would seem to be a necessary corollary of the cyclic 
theory given by Colclough that the addition of lime in the early 
stages would remove the sulphur without permanently increasing 
the bath manganese, but that in the final stages, when the sulphur 
content of the bath was low, the addition of lime would promote 
an increase in the bath manganese. 

The net result of this would therefore seem to be a quickening 
of the cycle, or a consequent removal of the sulphur, on the initial 
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additions of lime to a basic slag. Subsequently, when the sulphur 
content is lower, a definite increase in the manganese content of the 
bath seems to be indicated, the manganese rise being the more 
pronounced as more lime is added and the sulphur decreases. 
Presumably such a theory would suggest that the bath manganese 
will be at its maximum when the slag is in tapping condition and 
contains its maximum amount of lime, whilst the metal contains 
its minimum amount of sulphur. 

The charges subsequently considered, however, do not show 
any such rise of the bath manganese towards the end, and do not 
seem to be in complete agreement with such a postulate. 


CHARGE WORKED WITHOUT FLUORSPAR. 


For the sake of comparison and completeness, charges worked 
without the addition of fluorspar will be considered briefly. 

In general, such charges seem to show merely a decrease in the 
manganese content of the metal towards the end. A typical charge 
showing this decrease from start to finish is given in Table III. 
and Fig. 1. This was a 90-ton charge worked in a tilting furnace. 


TaBLE III.—90-Ton Tilting Furnace Charge Worked without 
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| AM. | 
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| 
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| 140 | 0-30 0-056 | 0-10 0:30 
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| 3.10 | 0-18 | 0-050 | 0-051 0:27 tes 3 
| 3.30 bis “a fan aa 5 
| 4.35 0-11 0-050 | 0-049 0-18 os | 

















Whilst the general trend with slags free from fluorspar is for the 
manganese in the metal to fall towards the end of the charge, 
Colclough gave a charge which showed a different effect. In this 
charge, to which no fluorspar was fed, the manganese rose in the 
metal initially and then fell off again. 

The manganese rise is admittedly very small, and would not be 
sufficient to be noticed were this the only charge of this type. But 
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Taste IV.—Charge Worked without Fluorspar (Colclough 2). 




















the charge is of interest in view of the fact that the peak in the 
manganese of the metal is shown very definitely in some charges to 
which fluorspar was added, and which will be considered sub- 


sequently. The charge is given in Table IV. (Colclough, Joc. cit., 
Table III.) and Fig. 2. 
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12.2 | 0-87 | 0-050 | 0-268 | 0-34 | 15-2 | 9-34 | 33-4 | 10-14 | 18-32 
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2.30 | 0-06 | 0-048 | 0-066 | 0-22 | 11-4 | 7-40 | 35:5 | 13-90 | 15:31 
242 | .. | a | ue | oe | 84 | 7519 | 37-5 | 13-90 | 14-06 
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| . the metal. 


Here, although no fluorspar was added to increase the lime 
content of the slag, the manganese content of the metal rose very 
slightly from 12.2 P.M. until 1.0 P.M., and subsequently fell. 
from 12.2 p.m. until 1.0 P.M. manganese oxide was being reduced 
from the slag, giving the slight increase of manganese content in 
Subsequently the manganese returned to the slag. 

Clearly the change in the bath manganese is very small, and 
were this an isolated charge it would be dismissed as meaningless. 
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But in view of the following charges, which were fed with fluorspar, 
and which showed the effect markedly, this charge without fluorspar 
becomes, at least, suggestive. 
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In no case, however, was it found that the manganese rose 
towards the end of the charge. 


THE EFrrect oF FLUORSPAR. 


The effect of fluorspar is to give greater fluidity to the slag, and 
enable it to carry additional lime. 

Table Y. and Fig. 3 show a typical charge to which fluorspar was 
added. 

The charge was 50 tons, and the fluorspar was added at 6.55 A.M. 
The subsequent additions of lime made the slag definitely and 
strongly basic. 

It will be seen that the manganese increases in the metal 
immediately the fluorspar and lime were added, after the first 
sample had been taken. This is in accord with the first two 
equations given by Colclough (see equations (4) and (5)). He said 
“manganese silicate is unstable in the presence of free lime.’’ The 
manganese is reduced, in all probability, from the silicate. 

After this initial increase of the bath manganese from 0-23% to 
0-37% there was no further increase; and although lime was fed at 
intervals throughout the remainder of the charge, the manganese 
content of the bath continued to decrease. Certainly there was no 
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increase of the bath manganese towards the end as the sulphur 
was removed, as might be expected from the cyclic theory given by 
Colclough ; nor was there any increase in the manganese of the metal 
as the lime content of the slag rose, and the final content of the metal 
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was almost as low as the initial figure. When the slag was in 
tapping condition and contained its maximum amount of free 
lime, the manganese cycle previously quoted would suggest that the 
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bath manganese should also be high (cf. equations (4) and (5), 
where lime causes the reduction of manganese from the slag to the 
metal), instead of which the bath manganese is only 0-27% in the 
charge given. 
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Perfectly clearly the use of the fluorspar has brought some other 
factor into prominence, and this factor can only be the additional 
lime which the slag is carrying. 

The final increase of manganese at 11.0 A.M. is, of course, due to 
the addition of the spiegeleisen. 

As Colclough said, “‘ manganese silicate is unstable in the presence 
of free lime,”’ and so on the first addition of lime the bath manganese 
lifts. As, however, on the addition of more lime the manganese 
returns to the slag, it is clear that it does not do so in the form of 
the first unstable silicate from which it was reduced—actually by 
the addition of lime. 

When the manganese rise became evident little lime had been 
added, and this would suggest that the manganese can be reduced 
from the slag to the metal when the slag is almost neutral or only 
slightly basic. On adding more lime and obtaining the strongly 
basic slag, which is only possible with slags to which fluorspar 
has been added, there is no such reduction of the manganese to the 
metal. 

From 8.10 a.m. the manganese was returning to the slag, which 
was showing a greater margin of basicity with each addition of lime. 

Now the manganese of the metal will return to the slag as an 
oxide. Whilst it would be possible for a basic oxide to dissolve 
physically in a basic slag, it would be much more easy for an acid 
oxide to pass chemically to the strongly basic slag. Manganese 
forms several acid oxides (e.g., MnO,, Mn,O,), whilst MnO, is 
amphoteric and can function as either an acid or a base. As the 
furnace conditions are highly oxidising, it would seem easily possible 
for one of the higher oxides of manganese to be formed. This means 
that the acidic oxide would pass immediately to the basic slag to 
form calcium manganite (CaO.MnO,). Also, the more strongly 
basic the slag—that is, the more lime added—the greater is the 
tendency for the manganese to go to the slag, giving a consequent 
fall in bath manganese. This is just what happened in the charge 
given in Table V. and Fig. 3. 

This calcium manganite is, presumably, the stable compound 
in which the manganese is held in the strongly basic slag given by 
the use of fluorspar. 

A further point which suggests the return of the manganese from 
the metal to the slag by the formation of an acidic oxide is the well- 
known fact that the action of spar and lime is to set up strongly 
deoxidising conditions in the furnace. The deoxidising conditions 
are, presumably, due to the manganese of the metal taking up the 
available oxygen to give a higher acidic oxide which can pass to the 
slag and form calcium manganite. Clearly the deoxidising 
conditions would be pronounced on the formation of higher oxides 
of manganese. 

If much fluorspar and lime are added, the removal of the carbon, 
by oxidation, becomes almost impossible, showing that the available 
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oxygen is rapidly being taken up by some other agent—presumably 
by the manganese in its oxidation. af 
Finally, there is also a charge to which fluorspar had been added, 
given by Colclough, which behaved exactly as did the charge given 
in Table V. of the present paper. 
Table VI. is taken from Table V. of Colclough’s paper, and is 
the charge in question (see also Fig. 4). 


TaBLE VI.—Charge Worked with Fluorspar (Colclough,®© Table V.). 
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as | tae. pa eer: anna fae < hay 
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A.M, 
10 | 0-43 | 0-035 | 0:32 | 0:37 | 146 | 4.08 | 4-03 | 385 
1.23 | 0-36 | 0-029 | 0-21 | 0-43 | 12:8 | 408 | 3-45 | 42-0 
1.55 | 0-31 | 0-026 | 0-19 | 0-55 | 12:0 | 408 | 3-45 | 44:3 
2.25 | 0-31 | 0-024] 015 | 0-49 | 10:8 | 4-14 | 3:83 | 46-9 
2.55 | 0-30 | 0-023 | 0-05 | 0:39 | 94 | 4:88 | 457 | 42:5 
3.30 | 0-13 | 0-020 | 0-040] 0-31 | 86 | 6-43 | 5-70 | 42-9 
4.5 | 0-13 | 0-021 | 0-030) 0-25 | 82 | 925 | 5-60 | 44-4 





It will be seen that the lime increased from 1.0 a.m. till 1.55 a.m. 
Fluorspar and limestone were added during this first hour, and it is 
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noticeable that the manganese content of the metal rose from 
0-37% to 055%. After this initial reduction of manganese oxide 
from the slag the manganese returned to the slag, even though the 
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lime content rose further to 46-:9%. This is exactly how the 
manganese behaved in Table V. of the present paper, giving a peak 
in the metal on the early lime additions. Table IX. of this paper 
gives another instance. 

Colclough said (loc. cit., p. 285) “in all cases where the lime 
content was low there was a general oxidation of the manganese.”’ 
And yet, in this Table quoted from his paper, the oxidation of the 
metal did not occur when the lime content was low. On the 
contrary, such oxidation commenced when the lime content was 
highest. At 2.25 a.M., when the lime content was 46-9% (i.e., the 
maximum for the cast) the oxidation of the manganese from the 
metal commenced. When the bases were low before 1.55 a.m. 
(from 38:5% to 44-39%, CaO) the manganese was reduced from the 
slag, and the bath manganese increased from 0-37% to 0-55%,. 

This is in complete accord with the hypothesis suggested, showing 
a rise in the bath manganese with the early lime additions, and a 
subsequent fall when the slag became more strongly basic. 


Errect oF [ron OxipeE (FE80). 


It will be seen that in the charge given in Table V. an addition 
of scale was made at 8.10 a.m., that is, just before the bath 
manganese commenced to fall. This oxide feed would make the 
furnace conditions more oxidising, and so favour the formation of a 
higher oxide of manganese. 

The heats of formation of the elements iron and manganese 
are given by Colclough as follows : 


mn. j . F . 1653 cal. per g. of element. 
ap). « «~ é i 


That is, manganese has a higher affinity for oxygen than has iron, 
and consequently acts as an excellent deoxidiser in the furnace, 
as is well known. This means that the manganese would tend to 
take up the oxygen in preference to the iron. Thus the feed of 
oxide would help in the decrease of the bath manganese. 

Colclough stated ‘‘ whenever spar and lime were added, and the 
basicity of the slag increased whilst the iron oxide content was low, 
there was a reduction of MnO in the slag, with an addition of 
manganese in the bath.’ Whilst, from the previous discussion, it 
will be seen that the increased basicity of the slag by the spar and 
lime additions did not necessarily mean a reduction of the MnO of 
the slag, the increase of the iron-oxide content certainly helped 
in the return of the bath manganese to the slag. 

Pursuing such a theory to its logical conclusion, it obviously 
would be expected that a large feed of scale, or ore, at the time of 
the spar and lime additions would inhibit the reduction of the 
manganese oxide from the slag, and consequently there would be no 
initial rise in the bath manganese. Rather, the highly oxidising 
conditions set up by such an oxide feed would promote the formation 
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of higher acidic oxides of manganese, which would readily give a 
calcium manganite with the strongly basic slag. The result would 
be a decrease in the bath manganese of the charge. That this 
actually occurs will be seen from Table VIT. and Fig. 5. 


TaBLeE VII.—Lffect of Iron Oxide on a Charge Worked with 
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The charge was an 80-ton charge. It will be seen that large 
oxide additions were made at 4.40 P.M. when the fluorspar and lime 
were added. Also it is noticeable that there was no rise in the 
manganese content of the metal. 
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In all charges where large oxide additions were made at the time 
of the fluorspar and lime additions, it was found that there was no 
increase of the bath manganese, whatever quantity of lime was 
added. This is exactly what would be expected if the manganese 
returns to the slag by the formation of a higher acidic oxide, because 
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the large scale additions give highly oxidising conditions. The 
manganese, with its greater affinity for oxygen than that of iron, 
would thus give a higher acidic oxide, and with the large lime 
content of the sparred slag would then give calcium manganite as a 
stable compound in the slag. 


CONDITIONS WITH RESPECT TO MANGANESE. 


It would seem that the following conditions prevail with respect 
to the manganese : 

(i) When the bases are exceptionally low, and all the available 
MnO is needed to give a monosilicate in the slag, there is probably 
no reduction of the manganese to the metal. 

(ii) When the slag is about “neutral,’’ and forms a mono- 
silicate without the MnO, then the latter is probably free to be 
reduced to the metal on the addition of lime : 


(2MnO).SiO, + 2CaO —> (2Ca0).SiO, + 2MnO 
MnO + C—->CO + Mn. 


(iii) If the bases are definitely in excess, as in the slag fed with 
fluorspar and lime, then no reduction of the manganese to the metal 
is possible, as the manganese in the bath gives acidic oxides which 
form calcium manganite with the excess bases of the slag. Thus 
calcium manganite is the stable form in which manganese is held 
in the slag. 

(iv) In the presence of a large excess of scale or ore, and the 
consequently strongly oxidising conditions of the furnace, the 
manganese tends to give higher oxides more easily. These go to 
the slag to give calcium manganite. Thus the presence of excess 
oxide prevents the reduction of manganese from the slag to the metal. 

(v) The calcium manganite formed is stable, and there is no 
further reduction of the manganese to the metal, whatever the lime 
content of the slag may be. 


BEHAVIOUR OF CHROMIUM. 


Confirming the theory that manganese is returned to the slag 
by virtue of its being capable of forming an acid oxide, the 
remarkable fact was noticed that chromium behaves in a similar 
manner. 

Chromium was worked only very rarely in basic open-hearth 
furnaces until the amount of nickel-chromium scrap available after 
the War made firms commence the “ de-chroming ”’ process, in order 
to get a nickel steel from this scrap. Consequently no reference 
to the phenomenon was found, and the paucity of the information 
available is unavoidable. However, the chromium in the two 
charges given will be seen to have behaved in the same manner as 
did the manganese in Table V. 

Chromium gives basic and acidic oxides, ¢.g., Cr,0, is basic, 
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whilst CrO, is acidic. Very probably the reactions are similar to 
those occurring in the case of the manganese. Incidentally, 
chromium is more easily reduced from the slag than is manganese, 
This is probably due to the fact that calcium chromite is less stable 
than calcium manganite. 

If scale be added to such a charge, the chromium will probably 
give an acid oxide by some such reaction as : 


Cr,0,; + 3FeO —-> 2CrO, + 3Fe. 


A cast showing the phenomenon is given in Table VIII. and 
Fig. 6. 
TasLE VIII.—Behaviour of Chromium. 
Charge, 50 tons. Final manganese, 0-17%. 
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It will be seen that 3 cwt. of fluorspar had been added prior to 
the initial sample being taken. As the sulphur was then below 
the specified limit no more fluorspar was added, as it was thought 
that the only effect of fluorspar was to aid in the sulphur removal. 

The phosphorus was, however, slow in falling to the required 
figure, and so finally, at 2.55 a.M., more fluorspar was added to allow 
more lime to be carried in the slag. 


TaBLE [X.—Comparison of the Behaviours of Chromium and 
Manganese. 
50-ton furnace. 
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It was then found that the bath chromium had risen from 
0:23% to 0-57% on the addition of fluorspar and lime. This was 
exactly what the manganese had done in Table V.—the chromium 
being, presumably, reducible from the slag. 

Further lime was added, producing a highly basic slag, and a 
small feed of scale was also given. The chromium then left the 
metal again quite readily, as the manganese did in Table V. It 
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would appear that the chromium had given a higher acidic oxide 
in the presence of the scale, and this had reacted with the strongly 
basic slag to give a stable calcium chromite. 

Table IX. and Fig. 7 give another cast, in which it can be seen 
that both chromium and manganese increase in the metal on the 
addition of fluorspar and lime, and both leave the metal on the 
further addition of lime when the slag becomes more basic. 

It would seem that the reason for the chromium and manganese 
leaving the bath as the slag became more basic was the formation 
of acidic oxides which reacted with this highly basic slag. 

The fluorspar and lime were added after the sample taken at 
8.0 a.m. The chromium will be seen to have lifted from 0-31%, 
to 0-40%, and the manganese from 0-:15% to 0-:19%. With 
subsequent lime additions both fell again, being oxidised and 
passing to the slag. 


BEHAVIOUR OF NICKEL. 


It is impossible to remove nickel from the bath, as its heat of 
formation is much lower than that of the other elements. There is, 
therefore, no oxidation of nickel in the furnace. This accounts for 
the fact that only two analyses were made for nickel in the casts 
given. After the first one the nickel was adjusted, and then the 
second analysis was made to give a check. 


BEHAVIOUR OF PHOSPHORUS. 


In connection with the suggestion put forward that manganese 
and chromium are returned to the slag by the formation of acid 
oxides, which then form calcium manganite and chromite 
respectively with the bases of the slag, it is of interest to notice that 
phosphorus is also removed from the metal as an acid oxide (P,0,). 

It is, of course, well known that phosphorus is removed from 
the metal by adding sufficient oxides (generally as scale) to give 
phosphorus pentoxide (P,O;). This then passes to the slag if the 
latter contains sufficient lime to react with this acid oxide. In 
cases where insufficient lime is present, the removal of the 
phosphorus ceases, as the P,O; remains in the metal, which soon 
becomes saturated. 

As mentioned before, the immediate effect of the addition of 
fluorspar is to make the slag capable of carrying more lime. Under 
normal conditions a basic slag without fluorspar will not carry 
more than 45%, of lime, of which about 5% can be considered to be 
“free.”’ On adding fluorspar the lime content of the slag may 
be raised to about 60%, with something in the neighbourhood 
of 20% “free.” This, therefore, represents the ideal condition 
for the removal of phosphorus. When this condition is reached, 
sufficient scale must be present to complete the oxidation of the 
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phosphorus to the acid pentoxide (P,0;), when this will be absorbed 
by the strongly basic slag. With the high lime content made 
possible by the fluorspar, the carbon will remain constant until 
nearly all the phosphorus has been eliminated. 

There is evidence that the fluorspar changes the nature of the 
phosphates in the slag. Whereas in the non-spar slag the 
phosphates are soluble in weak acids, in the highly sparred slag 
they are almost insoluble. Schneiderhdhn®” suggests that a 
fluor-apatite is formed in the latter case—CaF’,.3CaO.P,0;. Such 
slags are consequently useless for fertilisers, as the phosphate is 
insoluble in soil acids. 


BEHAVIOUR OF CARBON. 


The removal of carbon demands vastly different conditions 
from those required by the phosphorus, and is best carried out by a 
small quantity of slag of low basicity. 

Thus when any quantity of carbon has to be removed, the 
fluorspar should be kept out of the furnace. It will then be found 
that on the addition of oxides a vigorous “ boil ’’ will develop and 
the carbon will fall rapidly. 
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All the oxide will go to the oxidation of the carbon, as the 
conditions are unfavourable to the oxidation of phosphorus, 
manganese or chromium, because there is no free base in the slag 
to receive the oxides of these elements. 

The product of the carbon oxidation is, of course, carbon 
monoxide (CO), which can readily escape through the thin slag, 
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whereas any P,O,, for instance, that may be formed cannot escape 
from the metal as the basicity of the slag is too low. Consequently, 
the metal quickly becomes saturated, and any such phosphorus 
oxidation ceases. 

This means that with no fluorspar and little lime, giving a low- 
basicity slag, there is rapid removal of the carbon, and little or no 
oxidation of the phosphorus, chromium or manganese. 

This effect can be seen in the 50-ton charge given in Table X. 
(see also Fig. 8). Initially no fluorspar was added, and the carbon 
fell with little oxidation of the phosphorus. Later, at 6.45 P.M., 
when some fluorspar and limestone had been added, the phosphorus 
was eliminated. 


TaBLE X.—Behaviour of Carbon and Phosphorus. 
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BEHAVIOUR OF [RON OXIDES. 


The removal of the carbon raises the question of iron oxides in 
the slag. In connection with the hypothesis put forward, that 
manganese and chromium, like phosphorus, pass to the slag by the 
formation of higher acidic oxides, the behaviour of iron oxides is of 
interest here. It would seem that the behaviour of these oxides 
lends further support to the views already suggested. 

An oxide of the type R,O, can fuaction as a feebly acidic oxide, 
and in the case of the iron oxide, Fe,O,, ferrites can be formed. 

White, Graham and Hay ° have determined the binary diagram 
CaO-Fe,0,, and have shown the existence of two stable calcium 
ferrites, namely, dicalcium ferrite, 2CaO.Fe,0,, and monocalcium 
ferrite, CaO.Fe,0,. 

It is known that there is a rapid accumulation of FeO in 
finishing slags, and McCance 2) takes the view that the Fe,O, is 
largely responsible, owing to the formation of these calcium ferrites. 
In the initial stages a considerable quantity of carbon is present, 
and McCance assumes that this will cause the reduction of the 
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ferrites, giving FeO. This latter will be re-oxidised and will combine 
again with lime to give calcium ferrites. 

Towards the end of the boil, however, there is an accumulation 
of oxide in the slag, this coinciding with the period when the reducing 
agent, carbon, has been almost entirely removed, and consequently 
the higher oxide, Fe,O,, is being formed, to act as a weakly acidic 
oxide and give calcium ferrites. 

It would seem that this process bears a strong resemblance to 
the present hypothesis that manganese and chromium return to 
the slag by virtue of their higher acidic oxides giving stable 
manganites and chromites respectively. 


In conclusion, the author wishes to express his indebtedness to 
the United Steel Companies, Ltd., for kind permission to publish 
this paper. 
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DISCUSSION. 


Mr. A. G. Hock (Workington) said the paper had been written 
by a young metallurgist at the beginning of his career and whose 
capabilities he had been privileged to appreciate. It might be of 
interest to note that the author had always been in the works and 
not in the laboratory. It was therefore appropriate that reference 
should first of all be made to the fact that, so far as he personally 
was concerned, the paper had caused him to reflect on the existing 
lack of knowledge on the subject of some of the most fundamental 
of the reactions which took place in the basic open-hearth furnace, 
reactions which, although not completely known, it was possible to 
control with some success every day. 

It was possible, and indeed probable, that many people would 
disagree, and disagree profoundly, with some of the conclusions 
arrived at by the author. He would venture to suggest, therefore, 
that it must be agreed that the paper had been useful in that respect. 
Personally, he proposed to refer only to a few of the more contro- 
versial aspects of the paper. 

The paper dealt in many cases with comparatively small varia- 
tions in composition of the steel bath and of the slag, and it might 
be pertinent to refer to a real difficulty which arose in any attempt 
to formulate or to check quantitative relationships, which was after 
all what one meant by saying that one could explain a phenomenon 
or a process. That difficulty resulted in the necessity of being 
satisfied first of all that the samples examined were really representa- 
tive of the bath under the particular set of conditions. It could 
not be said that all the results which had been reported in the past 
were free from error, and therefore he did not think that one ought 
to criticise severely any conclusions that might be based on certain 
old results which might be correct but which were not absolutely 
certain. 

He thought that the author had shown quite clearly that we did 
not know fully what happened when fluorspar was put in the furnace, 
and it must be admitted that metallurgists were still somewhat 
puzzled even when they agreed that, of course, the slag could carry 
more lime and was therefore more basic. With regard to the effect 
of manganese on the removal of sulphur, he thought first of all that 
more consideration was required before the assumption could be 
made of such simple chemical reactions as FeS + MnS, and so on, as 
they were usually and rapidly written. It was not possible to be 
too sure that that represented fully the reaction which did occur ; 
it was so profoundly modified by the fact that there was really a 
solution of sulphur, and too much should therefore not be taken for 
granted. Personally, he held that it was a fact that there was no 
need to assume that manganese sulphide was oxidised by air giving 
SO, and that this was the way in which the sulphur was eliminated 
from the steel. A limy slag by itself would hold sulphur quite well 
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as sulphide. In an explanation of the drop in manganese in the 
steel when lime was added to a slag which was already fairly basic, 
one must always consider that if to a slag were added all the con- 
stituents except manganese, even in the ratio in which those par- 
ticular constituents existed in the slag, then the manganese in the 
steel must fall if the reaction tended to reach the same equilibrium. 
He found it impossible to accept the statement that manganese 
oxidised to MnO, in the steel bath. Even if one admitted the 
possible existence of a compound of lime and MnO, (or that slag 
held MnO, in solution, which could be proved or disproved by experi- 
ment), he thought it was inevitable that the manganese would be 
oxidised first of all to the lower oxide in the steel. 





CORRESPONDENCE. 


Dr. P. HERASYMENKO (Pilsen, Bohemia) wrote that the regulari- 
ties in the behaviour of manganese, chromium and phosphorus in 
the basic open-hearth process observed by Mr. Lawrie were very 
interesting. However, in the opinion of the writer, the experi- 
mental data presented by the author could hardly be regarded as 
sufficient to support his theoretical deductions. A vast amount of 
data collected by many investigators in the last ten years indicated 
that the course of reactions in the basic open-hearth process could be 
explained without recourse to such a complicated reaction mechan- 
ism as that proposed by Mr. Lawrie. 

Employing the notions of physical chemistry, many authors 
(Maurer and Bischof, Herty, Schenck, Schwartz, Cook and others) 
had established empirical relationships which described reactions 
with an accuracy sufficient for practical purposes. 

A complete theoretical explanation of these relationships was 
difficult, because of the unsatisfactory knowledge of the nature of 
liquid slags. 

The most interesting fact was the dependence of the empirical 
expression : 

Cyn . (Fe 
Ky = (1) 
on the basicity of slags. (Fe™ and Mn! were the total analytical 
contents of iron and manganese in the slag.) 

Krings and Schackmann ! found that an addition of calcium 
oxide to the pure Fe-Mn-O system led to a considerable increase 
of the numerical value of Ky,. Additions of SiO, acted in the 
opposite direction (see Fig. A). 

Similar relationships were found with industrial basic slags. 
Fig. B gave the values of Ky, calculated by the writer from the data 


1 W. Krings and H. Schackmann, Zeitschrift fiir anorganische und allgemeine 
Chemie, 1932, vol. 206, p. 337. 
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Fic, A.—The Effect of Additions of CaO and SiO, on the Value of Kyn 
(according to Krings and Schackmann). 
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Fic. B.—The Influence of the Basicity of Basic Open-Hearth Slags on the 
Value of Kyn. Calculated from the data reported by G. Leiber. 
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published by Leiber! for slags of varying basicity. The latter 
was defined by the expression : 
B = 0-01 {(% CaO) — 0-92 (% SiO.) — 1-18 (% P,O,)}. 

H. Schenck and others tried to explain these variations of Ky, 
as being due to the formation of calcium ferrite. However, it must 
be pointed out that the existence of trivalent iron in contact with 
liquid steel was thermodynamically impossible. The compounds 
of trivalent iron usually found in basic open-hearth slags could 
exist as such only in the layers which were not directly adjacent to 
the liquid steel. 

In the writer’s opinion the following explanation depicted the 
dependence of Ky, on the slag basicity in a more plausible manner : 
According to a hypothesis put forward by the writer, liquid slags 
were completely dissociated into ions. Various cations present in 
slag possessed different tendencies to form complex ions with oxygen 
anions. 

In acid open-hearth slags where the content of oxygen anions 
was negligibly small, iron and manganese were present exclusively 
as cations Fett and Mn*+. Therefore the expression : 

> Cyn .(Fe™) _ Cum . (Fe*+*) 
a ae ary 
was a true constant. 

On the other hand basic slags contained a sufficient quantity of 
oxygen anions to eflect the reaction : 

Fe++ + 20” = Fe0,”. 
An increase of CaO in the basic slag was equivalent to an increase of 
oxygen anions, and consequently the equilibrium of the above 
reaction must be shifted from left to right. The total content of 
iron in the slag was : 
(Fell) = (Fet+) + (FeO,”). . . . . . (2) 
Evidently the value of the empirical expression : 
Rig Ln ee) tS 
(Mn) (Mn++) ; 
should depend on the basicity of the slag. (It was assumed that 
bivalent manganese was less prone to form complex anions of the 
type MnO,”.) 

Now, the statement by Colclough that ‘‘ whenever . . . the 
basicity of slag increased whilst the iron oxide content was low, 
there was a reduction of MnO in the slag, with an addition of 
manganese in the bath,” was readily understood. An increase in 
the content of oxygen anions whilst the total content of divalent 


(3) 











1G. Leiber, Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Evsen- 
forschung, 1936, vol. 28, p. 135. 

2 P. Herasymenko, Transactions of the Faraday Society, 1938, vol. 34, 
p. 1245. 
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iron remained unchanged should lead to a decrease of the content of 
Fe*+ cations. The validity of the true constant of the manganese 
reaction : 

Cun . (Fe**) 
necessitated that a decrease in the content of Fe** cations must be 
compensated for by a decrease in the content of Mn** ions in the slag 
and by an increase of manganese in the bath. Thus, the immediate 
effect of increased concentration of calcium oxide—e.g., produced 
by additions of lime and fluorspar—was an increase of the content 
of manganese in the bath. In the further course of the refining 
the oxidising action of the furnace gases produced an increase in the 
total content of iron in the slag, which resulted in a return of the 
bath manganese to the slag, as followed from the equilibrium con- 
ditions set out in equation (3). 

The same reasoning applied to the reactions of chromium and 
phosphorus. 


(4) 





AUTHOR’S REPLY. 


The AutHor, in reply, thanked Mr. Hock and Dr. Herasymenko 
for their interesting comments. 

He was in complete agreement with Mr. Hock’s remarks on the 
lack of knowledge on the subject of some of the most fundamental 
reactions of the basic open-hearth furnace, and for this reason the 
formation of MnO, was not insisted on, though the basic slag was 
very often of a chocolate-brown colour. There did, however, seem 
to be reason to believe that the highly oxidising conditions that 
could be obtained would tend to the formation of some of the higher 
oxides of manganese. 

Dr. Herasymenko stated that “ the oxidising action of the furnace 
gases produced an increase in the total content of iron in the slag 
which resulted in the return of the bath manganese to the slag.” 
The author agreed that oxidising conditions, whether produced by 
the oxidising action of the furnace gases or by oxide additions, 
resulted in a return of the bath manganese to the slag, and 
consequently he was led to the view that this condition, in itself, 
might be sufficient to prevent any initial reduction of the MnO of 
the slag, irrespective of any increase of the basicity of the slag. 
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SLAG INCLUSIONS AND ACID OPEN-HEARTH 
REFINING OF HIGH-CARBON STEEL.! 


By HAAKON STYRI, M.E., Cu.E., Dr.Inc. (PHmLADELPHIA, Pa., U.S.A.). 


SUMMARY. 


An arbitrary scale for slag rating and heat diagrams kept during 
the melting and refining of acid open-hearth steel at 8.K.F. Hofors, 
Sweden, from the early part of 1927 have been used in statistical an- 
alyses to study the possible influence of various operating factors on 
the resultant slag inclusions in the steel. No obvious correlation was 
found between any single operating factor up to the point of the 
final additions of deoxidisers and the observed oxidic slag inclusions. 
Even the rate of carbon elimination towards the end of refining, which 
might be expected to be of importance according to prevalent theories 
of the rate of reaction, seemed to be of only small importance. A 
great number of experimental heats were run with drastic changes 
of procedure, particularly with respect to the rate of carbon elimina- 
tion, and again no correlation could be found. The rates were 
controlled by the manipulation of the gas and air mixture, regulation 
of the draft and additions to the bath. Evidently the rate of carbon 
elimination is determined by the rate of diffusion of oxygen to the 
bath and is explained by a high value of the velocity constant for 
the reaction FeO + C —> Fe -++ CO. 


Many investigations have been made regarding the possible effect 
of slag inclusions on the properties of steel. It has been indi- 
cated that an increase in slag inclusions is detrimental to the 
ductility, impact strength and endurance, while the effect on the 
tensile strength, elastic limit and hardness is hardly noticeable. 
The amount and direction of work on the material, will, of course, 
greatly influence the physical properties. An increase in certain 
slag inclusions, e.g., sulphides, improves the machining, principally 
of lower-carbon steels. On the other hand, it is considered im- 
portant that the total quantity of slag and the dimensions of those 
present should be kept small in tool steels and ball-bearing steels. 

The principal slag inclusions are the oxides and sulphides or 
combinations of these. In acid open-hearth melting, the sulphur 
content of the original melt cannot be materially changed, and most 
efforts to control the slag inclusions in these steels have, therefore, 
generally been limited to the control of the residual oxygen at the 
end of the refining. In order to accomplish this, a great number of 
various processes have been tried. 

The process arrived at many years ago and now in use at the 


1 Received January 3, 1939. 
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S.K.F. Hofors Works consists, briefly, in melting down charcoal 
pig iron with the works’ own high-quality scrap, getting the charge 
to a satisfactory temperature before oreing, keeping the charge at 
a good and even boil during the carbon elimination and reducing 
the rate of carbon elimination when the desired carbon content is 
approached before adding the deoxidisers. 

In order to facilitate the work of the melter, a graphical plot 
of the carbon content and temperature is kept during the melting. 
This chart was introduced in the early part of 1927 so that the melter 
could more easily predict when the desired carbon content would 
be reached. 

About the same time, Hofors introduced an arbitrary compara- 
tive scale for the numerical estimation of the amount of slag in- 
clusions of the plastic sulphide type and the brittle oxidic slags. 
A 3-in. disc was hot-sawn from the middle of a billet, approximately 
4 in. square, rolled from selected ingots. A length section was 
prepared and examined from the centre to the surface under a 
microscope at a magnification of 100. Two predominating types 
of inclusions were considered, namely, the plastic “‘ sulphide ” type, 
which consists of sulphides or mixtures of sulphides and silicates, and 
the “ brittle ” type, which consists of alumina, aluminates or alumina 
silicates. The “sulphide” type corresponds to types A and C in 
the new slag scale issued by Jernkontoret, Stockholm. The 
‘brittle’ slag corresponds to type B. The Hofors scale was 
numbered from 1 to 4 but covered a narrower range than the 
Jernkontoret scale, and sections in ball-bearing steel which were 
rated according to Jernkontoret would give a numerical value 
approximately 0-5 less than the Hofors scale. The numerical values 
given for slag rating in steel cannot, of course, be exact, because 
the composition of the inclusions and the number and dimensions 
of slag inclusions vary from section to section and from ingot to 
ingot. A dispersion in numerical values of + 0-5 may, therefore, 
occur. The Hofors slag scale was used in the present investigation, 
but has been replaced by the Jernkontoret scale since this was issued 
as standard in 1936. 

Based on the charge diagrams which show the progress of carbon 
elimination and temperatures and include other necessary data, 
statistical analyses have been made to cover several extended 
periods in order to investigate possible relationships between 
various operating factors and the slag content in the heats. 

Table I. shows the result of one analysis made ten years ago 
on ball-bearing steels with 1% of carbon, 15% of chromium, 
0:30% of manganese and 0-30% of silicon, and Tables II. and III. 
contain the results of other analyses made in 1935, on steels of this 
S.A.E.52100 type and ona steel with 1% of carbon,1% of manganese, 
1% of chromium and 0-60% of silicon. A number of additional 
—" analyses have been made covering a total of about 2000 

eats. 
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The analyses indicate that there is no striking relationship 
between the increase in slag and variations in the operating factors. 
There seems to be a slight advantage in conducting the heat so that 
a greater amount of silicon is “ boiled’ or reduced back into the 


TaBLE I.—Earlier Statistical Analysis of Heats. 


Carbon 1%, chromium 1-5%, manganese 0-30%, silicon 0-30%, 






























































| Carbon Drop. 
| Average Content. % x 10% per Temp. at— Time 
| 10 min. —_ 
Total Tem: : Silicon 
|No.of | Slag [~~ Foe — aby cere pie Reduced. 
Heats. | Rating. | 30 Min, | Before Last First | 100° G.|"0 * 10°. 
Ss. 1 Mo: |: SL after | Alloy | Ore. | Addi- | fin. 
| %. | %. | %. last Addi- °C. tion 
| | | Ore | tion. } °C. 
i ae ain Mii ae St oe a eo ee ee ee eS eee 
Heats 1881-2230. 
58 | 4-4°5 | 0-0115 | 0-286 | 0-305 | 6-45 | 4-61 1602 | 21:3 
154 5 0-0116 | 0-286 | 0-305 | 6-76 | 4-66 1599-5 21-8 
ft 155 | o-118 | 0283 | 0-299 | 7-13 | 4-8 | 1598-8 21-1 
19 | 6-6-5 | 0-0110 | 0-278 | 0-314 | 7:77 | 4:84 | 1595 21-8 
r ee Se Sees CRE eo merece 
Heats 2231-2430. 
22 | 455 | 0-0114 | 0-508 0-292 } 644 | 517 | 1600 | 64 22-6 
9 | 5 0-0118 | 0-299 | 0-303 | G41 | 4:58 | 65-5 | 22-8 
39 | 55 | 0-0120 | 0-299 | 0-316 6-99 | 4:97 3 | 63-5 23 
ll | 6-6-5 | 0-0121 | 0-267 | 0-288 | 6-00 | 5-25 3 | 54 | 20-4 
| 
Taste I1.—Later Statistical Analysis of Heats. 
Carbon 1%, chromium 1:5%, manganese 0-30%, silicon 0.30%. 
Total slag rating ° s at 5-0 | 5:25 | 5-5 575 6-25 
| Number of heats 4 ‘ <a 42 | 48 } 149 67 13 
Brittle slag. 2 > - | 1-95 | 1-99 | 2-02 2-11 2-42 
| Sulphide slag. | 2-56 | 2:76 | 2-98 | 3-14 3°33 
| Carbon elimination. % x 107 | | 
per 10 min. | 46 4-65 48 | 52 5-05 6-0 
Silicon reduced. % x 107? ro 4 20-3 20-9 20-9 19-5 18-9 
Time at temp. over 1600° C. Min. 88 81 81 82 80 
Temp.max. °C. : . 1685 1665 1665 1663 1662 1664 
Oreadded. Kg. .  . “| 564 560 543 515 550 555 
: _] | 





TasLe II].—Later Statistical Analysis of Heats. 


Carbon 1%, manganese 1%, chromium 1%, silicon 0-60% steel. 
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melt. Higher temperatures, longer time at high temperatures and 
a lower rate of carbon elimination towards the end do not seem to 
give any consistent trend, although it has been found in some 
analyses that a decrease in the rate of carbon elimination towards 
the end would be beneficial in keeping the slag content low. 

In all the studies made, the deviation of individual values from 
the average have been between the following limits: Rate of carbon 
elimination, last 10 min., 0-02—0-08% per 10 min. ; silicon reduction, 
0-12-0:28%; time over 1600° C., 50-110 min.; maximum tem- 
perature, 1640-1680° C.; ore, 300-800 kg. This deviation is, of 
course, due to variations in the operating conditions, because of 
changes in the furnace and heating chambers during a campaign 
and because of voluntary or involuntary changes in the atmosphere, 
draft, gas composition, and additions, sometimes of a drastic nature, 
and also due to the varied experience and skill of the different melters. 

In principle the conduct of these heats has been alike and it 
was expected that the rate of carbon elimination in the refining 
stage of the heat would show a more definite influence on the amount 
of slag inclusion. 

Recent discussion on the C-FeO equilibrium and the rate of carbon 
elimination 1 would indicate that a higher rate of carbon elimina- 
tion should lead to a higher oxygen content at the same carbon 
content and that consequently also the slag rating, particularly 
for the brittle slag, should be higher. The statistics do not show 
any such clear relation between the slag rating and the rate of 
carbon elimination. 

During the autumn of 1935, a number of special heats were 
made to study these factors. Table IV. and Fig. 1 show the records 
of some of these heats and indicate the great variety of conditions 
used in melting for the particular purpose of learning the effect 
of the rate of reaction towards the end of the heat on the final slag 
content. 

A normal run would be like D6067, when only wood was used 
in the gas producer instead of the usual mixture of bituminous coal 
and dried wood chips? ; D6062 shows an initial rapid rate of carbon 
elimination with a slowing down to the normal towards the end. 
C6508 has an initially slow rate, due to moist wood in the producer, 
followed by a more rapid rate. C6516 and M4217 have a much 
decreased rate toward the end, and F'4499 an interruption due to 
water freezing. Control of the reaction rate is obtained by the 
manipulation of the draft and the proportioning of the gas and air, 
as well as by additions to the slag. In this connection, the furnace 
construction is of very great importance, as it affects the velocity, 
turbulence and direction of the gas and air impinging on the bath. 

The weight of slag at the end of the heat averages about 6% 

1 Herty, Metal Progress, 1938, vol. 34, Sept., p. 241. 

2 The proportion of chips to coal would vary with the supply of chips 
cut from tops and other refuse from the forest. 
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of the total weight of the charge, and at the end, before the additions 
are made, the slag normally contains FeO 25-30%, MnO 10-12% 
and SiO, 53-58% for 8.A.E. 52100 type of heats and FeO 15-20%, 
MnO 12-14% and SiO, 58-62% for the modified 1% carbon, 1% 
manganese, 1°, chromium heats. 

Slackening of the driving rate is of course accomplished by a 
reduction in the supply of gas and air or by adding silica sand to 
the slag. An addition of lime would cause a brief quickening of 
the carbon elimination and a corresponding drop in the FeO content 
of the slag, but the rate would soon decrease. The boil could be 
brought almost to a stop within about 5 min. by throttling the air 
and gas. This would at times be necessary, owing to service 
interruptions of the electric power and water and for other causes. 
A sticky slag could be brought quickly to the boil with a lump of 
ore (10-20 kg.), which would form a boiling pool that would quickly 
widen. Most of the ore additions were stopped at about 1-5-1-7% 
of carbon. 

A number of similar heats have been studied in detail and the 
evidence from the statistics has been generally confirmed, namely, 
that there is no definite connection between the furnace operation 
of this type of steel and the rating of the slag inclusions, and particu- 
larly that the rate of carbon elimination is not a dominant factor. 
Why should this be so ? 

Herty stated what has generally been assumed, that the rate 
of carbon elimination ought to be proportional to the product of 
C x FeO inthe bath.! Ina discussion of Jette’s paper,” the present 
author indicated that some available data of Herty did not support 
this contention and that the rate of diffusion of oxygen is the major 
influence on carbon elimination. Further evidence that the rate 
of carbon elimination is not directly related to the product C x FeO 
has recently been provided by Rudberg and Kalling,* at 1% of carbon 
inthe melt. This is also the case for the following interesting con- 
dition taken from Kalling’s records : When the oxygen is near the 
minimum in the steel, the silicon and manganese are at about the 
lowest point and the rate of reaction is often near the maximum 
(Table V.). Under these conditions, the product C x FeO may 
approach the assumed theoretical equilibrium, and the rate really 
ought to be low according to the commonly accepted theory. There 
is, however, no apparent proportionality between the rate of 
reaction in Kalling’s data and the corresponding FeO content of 
the slag, and there is no such connection for the heats shown in 
Table IV., but the rate of carbon elimination may increase with the 


1 See also McCance, Transactions of the Faraday Society, 1918-19, vol. 14, 
p. 213. Styri, Journal of the Iron and Steel Institute, 1923, No. IL., p. 189. 
Feild, Transactions of the Faraday Society, 1925-26, vol. 21, p. 255. 

¥ Jette, T'ransactions of the American Institute of Mining and Metallurgical 
Engineers, 1931, Iron and Steel Division, vol. 95, p. 80. 

* Rudberg and Kalling, Jernkontorets Annaler, 1938, vol. 122, p. 91. 
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carbon content. The natural explanation for this may be that 
the rate of carbon elimination is controlled almost entirely by the 
rate at which oxygen is added to the steel by ore additions and by 
diffusion from the atmosphere. 

A consideration of some of the mathematical studies on reaction 
rates in open-hearth furnaces may be of interest in this connection. 


TABLE V.—Data taken from Kalling and Rudberg’s Paper (Jern- 
kontorets Annaler, 1937, vol. 121, p. 93). 











q Carbon | Weight, Kg. 
Steel. Temp. Slag. Elimin- of— “ 
Heat CxO} uncor- ation. 
No. + | « 10°.) rected. | ekaiaal (MAGN hc. os aang eens re 
Mn. | Si. | ©. 10. % °C. |MnO.} FeO. | Sid,. | 10 min. | steel. | Slag. 
% | % | %- |x10™. % | % | % | slat 
4 0-09 | 0-13 0-75 4-0 3-0 1455 16-5 | 26-1 | 547 0-04 19120 | 1690 
2 0-12 | 0-086 | 1-46 3-4 5-0 1450 20-1 | 19°5 | 53-6 0-045 | 18200 | 1630 
6 0-59 | 0-214 | 0-90 3-5 3-1 1460 40-9 6 48-5 0-07 18270 | 3700 
9 0-12 | 0-14 1-0 3-8 3-8 1460 18 19 55 0-08 ven wae 
3 0-07 | 0-044 | 0-87 3-8 3:3 1450 15-2 | 30-3 | 51-5 0-09 19830 | 1630 
8 0:07 | 0-08 1-0 45 4-5 1440 17-5 | 22-5 | 50 0-09 i eee 
1 0-1 0-076 | 1-5 2-5 3-8 1430 19-4 | 21-6 | 52-8 0-11 18130 | 1680 
5 0-1 0-084 | 1-32 2-5 3-3 1450 17 23-3 | 54-2 0-12 18830 | 1820 
*f 0-1 0-08 1-83 2-0 3-6 1450 19-4 | 19-5 | 55:3 0-12 19390 | 1800 















































McCance (loc. cit.) set up the mass-action equation for the reaction 
velocity : 
= = K[(Creo — x)(Cy — x) — mPoo] 
where mP,. was considered to be constant after the heat was 
saturated with CO. If no FeO were added, this would represent 
a bimolecular reaction. If FeO were added so that the slag com- 
position would be constant, the FeO in the steel also would be 
nearly constant according to the law of partition of the FeO or 
active oxygen between slag and steel.1_ The reaction would then 
appear to have the form of a unimolecular reaction : 
> = K(Cc — 2), 
or, integrated, 
—In(Cg — x) = Kt +5, 
from which 





1 
male’ med | 


This is only apparently a unimolecular reaction, because the 
eaction cannot proceed any faster than oxygen is supplied by 
diffusion, neither can it go slower because of the limited solubility 
of oxygen in iron, so that saturation will be quickly reached. K 
calculated according to this formula would differ for different 


1 Styri, loc. cit. 
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processes and will be larger for the faster reactions. The fastest 
reactions may give an idea of the true numerical value of K. 

In discussing Feild’s paper (loc. cit.), Pierard! introduced the 
rate of change of oxygen (FeO) : 


d FeOtota -{- d FeOreact. = Fe Oaittusea. 


The equation shows that the oxygen used for carbon elimination 
plus that used for the increase in oxygen content corresponding to 
the decrease in the carbon in the steel must equal the diffused 
oxygen. For FeO equivalent to 6C, we have, assuming practically 
instantaneous equilibrium and that the rate of diffusion, a, is 


constant : 
mdCg _ 





~6005— = = oe 
Ce? 
integrated, 
af =—60s+5-+K 
Co 
for 
T=0,K=+60,—> 
Ce 
and 
1 1 \ 
T _— On vik Pe 2 ce i 
aT, 6 ( c, Ce,) rm (é.. Cc) 


From the general velocity reactions : 

dC. 

dt 
we have, for Pog = 1, when K is large and dC,,/dt numerically small, 
that C, < Cyeo — m must be small and approaches 0 when K 
approaches infinity. An example will illustrate this. From recent 
determinations of the equilibrium Cy X Cyo by Vacher and 
Hamilton? and by Chipman,? m = 0-01 where Cy, and Cyo are 
expressed in percentages. Tor a rate of reaction dU',/dt = 0-:05% 
of carbon per 10 min. at about 1% of carbon, we have : 


05 05 
Creo = a +m, and for m = 0:01, Creo = + 0-01 


= K (Co x Creo _- mPo) 


and get : 
for K = 1 Creo = 0-06 
n= 10 Creo = 0-015 
K = 100 Creo = 0-0105 
K = infinity Creo = 0-01 


1 Revue de Métallurgie, Mémoires, 1927, vol. 24, p. 41. 

* Transactions of the American Institute of Mining and Metallurgical 
Engineers, 1931, Iron and Steel Division, vol. 95, p. 124. 

be Transactions of the American Society for Steel Treating, 1934, vol. 22, 
p. 385, 
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In other words, for K over 100 the error in assuming instantaneous 
equilibrium is less than 5%. Fora higher rate of carbon elimination 
the error will be greater, and for a lower rate it will be less. 

Kalling’s investigations show that no proportionality is evident 
between the rate of carbon elimination and the product Cg X Cro 
in the steel. For the conditions given in Table V., the product 
Co X Creo is considerably higher than the value 0-01 mentioned 
above, even when the rate of reaction approaches zero. This, 
compared with the statistical analysis, which showed that there is 
no clear relation between the quantity of oxidic slag inclusions and 
the rate of carbon elimination towards the end of the refining 
period, indicates that some of the oxygen is inactive for reaction 
with carbon, most likely because it is strongly bound in silicates 
or aluminates which have very low dissociation pressures. The rate 
of reaction between free FeO (or oxygen) and carbon, however, 
must be very high. 

It seems, therefore, a natural conclusion that the rate of carbon 
elimination is almost entirely dependent on the rate of diffusion 
and this high value for K. A high value for K also explains the 
rapid rate at which carbon is eliminated in converters and induction 
furnaces, and is further indicated by the Perrin process. 


CONCLUSIONS. 


The residual oxidic inclusions in high-carbon acid open-hearth 
steels are not greatly influenced by the rate of carbon elimination 
under commercial operating conditions. 

The rate of carbon elimination is predominantly controlled by 
the rate of oxygen supply to the bath. 

The velocity constant for the reaction C + FeO > CO + Fe 
must be very high. 

By manipulating the air and gas supplies to the furnace, the 
operator has a powerful tool to control the rate of carbon elimination. 
Other essential factors for the control of the rate are the furnace 
design, the composition of the melt and slag additions. 


The author wishes to express his appreciation for the permission 
given by S.K.F. Hofors to publish this paper and for the valuable 
given by S.k 8 to | 
assistance given by Disponent Joel Larsson, Mr. C. G. Cedervall, 

. ’ a 
Mr. Hessle and the melters and laboratory personnel at the Hofors 
Works. 
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THE APPLICATION OF THE DURVILLE 
ROTATORY PROCESS TO THE CASTING 
OF STEEL.! 


By L. NORTHCOTT, D.Sc., Pu.D., F.1.C. (Wootwic#). 


(Figs. 2 to 6 = Plates XVI. to XIX.) 


SYNOPSIS. 


Small steel ingots have been cast by the Durville rotatory 
process, and their structure and properties compared with those 
of ingots cast by the normal top-casting method. 

The principal advantage of the Durville non-turbulent process 
is the ability to cast at a sufficiently low superheat to ensure that the 
crystal structure is wholly small and equi-axial, thus reducing segrega- 
tion and ‘‘ ingotism.”” There is also an improvement in the surface 
quality and mechanical properties as compared with steel cast by 
ordinary methods. 

The most likely application of the process will probably be in the 
casting of the smaller types of ingots or castings of high-quality or 
tool steels, where freedom from segregation or coarse crystal structure 
is required. 





THE standard method of casting steel into an ingot mould utilises 
a bottom-pouring ladle from which the steel issues in a single stream. 
This method results in splashing and turbulence of the molten 
metal in the mould and in the injection of oxide and mould gases, 
the escape of which tends to be hindered by the entry of fresh metal 
and by the solidification of that already cast. Less splashing and 
turbulence are believed to occur in the bottom-casting process, 
but the increased complication due to runners, together with the 
additional scrap arising, has limited the application of this process, 
although in many instances the extra complication is offset by the 
fact that several ingots are cast at a time. 

An entirely different method was devised for the casting of 
aluminium-bronze by P. H. G. Durville (British Patent No. 23,719, 
1913) in order to avoid the surface defects to which non-ferrous 
alloys containing aluminium are liable when poured in the usual 
way. This is achieved in the Durville process by ensuring the 
absence of turbulence. The mould is connected to the ladle by means 
of a trough in such a manner that the lower edge of the ladle, the 
base of the trough and the lower side of the mould are in a straight 
line. These units are attached to a platform which can be rotated 


1 Communication from the Research Department, Woolwich, received 
October 27, 1938. 
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in a vertical plane. The apparatus is adjusted so that the ladle 
is below the mould, and the ladle is filled with metal, which then 
flows smoothly into the mould when the apparatus is slowly inverted. 
The different stages of the process are illustrated diagrammatically 
in Fig. 1. 





Position 2. 
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Position 6. 
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Fic. 1.—Different Stages in Casting by the Durville Process. 


Development work carried out at Woolwich! showed that an 
important advantage of the Durville process was the ability to fill 

1 Summarised in ‘‘ The Casting of Brass Ingots,” by Genders and Bailey, 
Chapter 14. London, 1934: The British Non-Ferrous Metals Research 
Association (Research Monograph No. 3). 
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the mould with metal at a low superheat, thus ensuring a reduction 
in ingot porosity and crystal size. The use of such low temperatures 
in the normal methods of casting would lead to unsoundness in the 
ingot due to entrapped air and to the freezing-up of the metal near 
the nozzle and stopper in the travelling ladle. Exploratory work 
on the application of the Durville process to the casting of small 
steel ingots has now been carried out, and the results obtained are 
described in the present paper. 


EXPERIMENTAL. 


The apparatus in the mid-casting position is illustrated in Fig. 
2, which shows the cast-iron mould giving a 60-lb. ingot, 14 in. x 44 
in. square (including a 3-in. head), the refractory nozzle and the ladle 
or receiver which can be heated by the gas burner pivoted over it. 
No dressing is applied to the moulds. With this particular apparatus 
a wide variety of ingot sizes and shapes has been obtained at differ- 
ent times. In the present work a comparison ingot of the same 
size was cast direct from the same melt into a vertical mould. 
The steel was prepared in a side-blown acid converter and was killed 
by additions of ferro-manganese, ferro-silicon and aluminium. 
Eight pairs of ingots were cast, the compositions and casting par- 
ticulars being given in Table I. Casting temperatures were not 
measured, but with the last four casts the rotation of the Durville 
table was delayed for half a minute after filling the receiver so as 
to ensure a lower casting temperature for the Durville ingots. The 
direct-cast ingots were poured through a cup having a 1-in. dia. 
nozzle. With each type of ingot the time taken to fill the mould 
varied from 7 to 10 sec., and the rotation of the Durville table took 
an additional 6 sec. 

One conclusion to be drawn from the figures in Table I. is that 
the steel cast direct has a slightly lower carbon and silicon content 
than the Durville-cast ingots except in the high-aluminium alloys. 
The effect is clearly shown in the two right-hand columns, in which 
the differences in carbon and silicon content between the two types 
of ingots are given. It is suggested that during casting the alumin- 
ium has prevented the formation of iron oxide and thus the oxida- 
tion of carbon and silicon by reaction with FeO, and also that this 
reaction, even when it does take place in the absence of much 
aluminium, is less prone to occur in the Durville process than in 
the direct method, owing to the decreased turbulence in the former 
process. 

As the order of pouring the two types of ingots was changed, 
the variations in the carbon and silicon content are unlikely to be due 
to reaction or segregation in the ladle. On the other hand, the wide 
difference in aluminium content between OHU (1-28°%,) and OHW 
(1:56%) and between PXR (13%) and PXS (1-19%) would appear 
to be due to ladle segregation, as the aluminium additions were made 
in the form of solid lumps in the ladle before tapping the converter. 
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(a) PXL. Durville-Cast Ingot. (b) PXM.  Direct-Cast Ingot. 
Fic. 3.—Etched Axial Faces, x 4. 
[Northectt. 
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EXAMINATION OF THE INGOTS. 
Macrostructure. Mele ee 
From each ingot an axial slice } in. thick Tees 

was cut, one face being the axial face. A 3 
sulphur print was obtained and then the 
macrostructure of the axial face was developed 
by etching. In these small ingots large-scale i 
segregation was almost completely absent. 
Particulars of the primary crystal structure 
are given in Table II., and photographs of cry 
characteristic macrostructures and sulphur = 

prints of the second group of ingots are repro- 
duced in Figs. 3 to 6. These clearly show 
the complete absence of columnar structure | 
or “ ingotism ” in the Durville ingots cast at |”? 
a low superheat, as compared with the 
coarsely columnar crystal structure of the 
































ingots cast direct. 3 5 
Microstructure. | 
Microscopical examination of representa- 
| tive samples showed the presence of a fair [#5] ] 
| quantity of non-metallic inclusions in all the 


ingots, but in every instance there appeared 
to be fewer in the Durville ingots than in those 
cast direct. 
: : Fic. 7.—Positions from 
Mechanical Properties. which Samples for Ten- 
Tensile test-pieces, of acting length 1-65 in, Sile Tests, Micro-exami- 
i Onn : . nation and Chemical 
and diameter 0-357 in., were obtained from Analysis were taken 
the positions given in Fig. 7 from each ingot from an axial slice. 
except OHU, OHW, PXR and PXS, which 
were omitted on account of their variable aluminium content; the 
results are plotted in Fig. 8. 





. TABLE II.—Macrostructures of Axial Faces of Ingots. 


Fractions indicate proportional length of columnar crystals 
from edge to centre of ingot. 























| 
| Durville-Cast. Structure. Direct-Cast. | Structure. 
| OHK 2 columnar OHL 2 columnar 
oe 8 8 Sree OHQ . 
| OHU % $s OHW 3 
OJA A a OJB § ” 
PXL Wholly equi-axial PXM Se ; 
PAP * PXQ 3 o 
PXR " PXS 3 3 
‘sort PXT sd PXU +} ” 
LP. { a on 
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FIG. 3.—tLensile Froperties of Vurville- and Virect-Cast ingots. 
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In general, the Durville-cast ingots gave slightly higher values 
for the proof stress and maximum stress, which is considered to be 
due, at least in part, to their slightly higher carbon and silicon 
contents. This difference in composition does not appear to have 
affected the ductility adversely, except in the case of the nickel- 
chromium steels, of which the percentage elongation is less than that 
of the direct-cast ingot. It will be noticed that very symmetrical 
results have been obtained for the proof stresses of the test-pieces 
taken from different parts of the ingots. On the other hand, 
consistently higher results were obtained for the maximum stress 
and percentage elongation with those test-pieces cut from the 
outside of the ingot than with those cut from the centre. This 
difference is certainly largely due to the increased porosity at the 
centre of the ingot, which was generally more pronounced in the 


Taste IIl.—Effect of Heat Treatment on the Tensile Properties. 





Casting } Ingot Proof Stress. Maximum Stress. Elongation. 
Method. Mark. Tons per sq. in. Tons per sq. in. %. 





Annealed at 950° C. for 1 hr. and furnace-cooled. 





Durville | OHK 23-4 39-7 20 
Direct | OHL 21-6 37-5 16 
Durville |. 8? | 19-7 35-6 23 
Direct | OHQ 18-2 34-6 22 
Durville | OJA | 19-3 36-5 23 
Direct | OJB 18-6 | 34-7 21 
Durville | #SL 27-9 47-7 15 
Direct |} PXM | 27-5 46-0 18 
Normalised at 850° C. for 15 min. and air-cooled. 
Durville OHK 27-0 43-8 17 
Direct OHL | 25-9 | 41-4 15 
Durville | OHP 22-2 38-6 24 
Direct | OHQ 21-8 38-1 23 
Durville | OJA 23:3 39-7 22 
Direct OJB 21-7 37-7 23 
Durville PXL 33-7 | 53-8 16 
Direct | PXM 32-9 49-9 24 
Quenched from 850° C. in water and tempered at 650° C. 
Durville | OHK 43-1 52-6 14 
Direct | OHL 37-8 48-0 13 | 
Durville OHP 35-5 46-5 14 
Direct OHQ 33-7 45-5 9 
Durviile OJA | 38-6 48-0 11 
Direct OJB 36-9 47-4 12 
| Durville | PXL 47-2 55-1 19 
52-9 | 17 


| Direct | PXM | 46-4 


} 
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direct-cast than in the Durville-cast ingots. As might be expected, 
lower values in particular were found for the test-pieces cut vertically 
from the centre of the ingot, since in this instance the whole length 
of the test-piece was prone to slight sponginess. 'Test-pieces taken 
from positions midway between the centre and edge of the ingot 
slice were tested after being heat-treated. The typical results 
given in Table III. again show the superiority of the Durville-cast 
ingots, although the differences are less than in the as-cast material. 


CONCLUSIONS. 


The Durville rotatory process, originally devised for the non- 
turbulent casting of ingots of non-ferrous alloys containing alumin- 
ium, can be applied with advantage to the casting of small steel 
ingots. The principal advantage of the process is the ability to 
cast at a sufficiently low superheat to ensure that the crystal struc- 
ture is wholly small and equi-axial, thus reducing segregation and 
“‘ingotism.” There is also a slight improvement in the surface 
quality and mechanical properties as compared with steel cast by 
ordinary methods. 

It is considered that the most important application of the Dur- 
ville process to steel would be in the casting of the smaller types of 
ingots of high-quality alloy or tool steels, where freedom from segrega- 
tion and coarse crystal structure, and perhaps also a superior 
surface quality, are required. The process is unlikely to be of use 
in the manufacture of large ingots of the lower-quality steels, if 
only on account of the practical difficulties involved. Castings as 
well as ingots may be cast by the Durville process, although less ad- 
vantage is to be expected when the castings are of such complicated 
shape or thin section as to result in increased turbulence or to require 
a high casting temperature. 


Finally, the author wishes to thank Dr. R. H. Greaves for his 
interest in this investigation, Mr. G. V. Cochrane for the facilities 
provided in the steel foundry and Mr. E. Barker for assistance with 
the experimental work. 
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DISCUSSION. 


Dr. 8. A. Main (Sheffield) explained that his remarks were offered 
also on behalf of Mr. W. J. Dawson, who regretted his inability to 
be present. 

The special significance of the work done by the author was that 
it was a practical attempt to influence favourably the heterogeneity 
of killed-steel ingots. The Ingot Committee, in the present phase 
of their work, were concentrating more particularly on the prior 
conditions in the furnace so far as they might influence the quality 
of the steel in the ingot, but the present paper was encouraging in 
that it showed that what had been done in the way of controlling 
the casting conditions was by no means exhaustive. One of the 
matters which could receive attention in the casting of ingots was 
the method of pouring. It had often been suspected that some 
control of the quality of steel in the ingot could be obtained through 
the method of pouring, but not very much of a practical nature had 
been done. The author’s work, being in that direction, was all the 
more valuable for that reason. 

On the whole, it would appear that the author’s conclusions with 
regard to the virtues of the Durville method of casting were justified, 
but they went beyond the information which was given in the paper. 
Possibly because of the large number of papers presented at this 
Meeting, some of them seemed unduly abbreviated, and this applied 
particularly to the present paper. That deficiency might have been 
remedied to some extent if the author had brought his specimens 
to the Meeting for examination by the Members. He regretted 
that this useful practice had rather fallen into disuse, as by its means 
much useful information not readily presented in a paper could 
be given. He had known cases where facts which had escaped the 
notice of an author had been observed in this way. 

However, as he had said, he thought that in the present case it 
was possible to accept the author’s conclusions, but it would have 
been very helpful to have pictures such as those given in Figs. 3 to 
6, but for ingots cast at more or less the same temperature, by both 
processes. That would have brought out very clearly the point 
shown in Table II., and which the author had tried to emphasise, 
that the Durville process seemed to owe its chief advantage to the 
lower temperature at which the ingots could be cast. He assumed 
it was true that the process did allow ingots to be cast at a lower 
temperature, although there was no demonstration that that was 
80, 1.¢., ingots had not been cast at the lower temperature by the 
ordinary process to show that that was not satisfactory. From that 
point of view also, he was rather sorry that the taking of casting 
temperatures had been omitted. 

Those remarks concerned the structure, but there was also the 
question of the mechanical properties, which was dealt with in 
Table III. ‘There was there a very slight but definite improvement 
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in favour of the Durville process. The improvement was greater 
than appeared at first sight, because the higher elongations for the 
Durville-process ingots were associated in general with higher 
tenacities, and the combination of the two was much better than 
the similar combination for the ordinary ingots. As the author 
had pointed out, that difference in tenacity might to some extent 
result from differences in composition due to certain causes; but 
the ingots OJ A and O/B in column 3 of Fig. 8 seemed to show that 
that improvement in mechanical properties was not entirely due 
to differences in composition, because those two ingots did not 
differ seriously in their carbon and silicon contents in the two 
processes. That portion of the diagram also showed that the 
differences in the mechanical properties between the Durville pouring 
and the ordinary pouring were not due to structure, because the 
variations of structure were not the same for the ordinary as for 
the Durville ingot, and yet the difference seemed to persist through- 
out. In Table III., however, there would seem to be some indication 
that when the Durville process was used to enable ingots to be cast 
at a lower temperature, then rather inferior properties were ob- 
tained; the elongations in relation to tenacity were not so favour- 
able, and in some cases were unfavourable, as compared with the 
ordinary ingot. There appeared, therefore, to be a balance of 
advantages and disadvantages for the process, even as carried out 
in that fashion. 

What really mattered, however, were not the properties of the 
steel in the ingot itself but the properties of the forged steel obtained 
from the ingot, and probably a final opinion on the merits or 
demerits of the Durville process should be reserved until tests had 
been carried out on the forged material. 

It seemed possible to subscribe to the author’s favourable judg- 
ment of the prospects of the Durville process, and also to his views 
regarding its limitations. If an attempt were made to apply it to 
other than the smallest ingots of the more expensive types of steel, 
the expenditure, both on plant and on operation, might outweigh 
any advantages obtained. It would, however, be both interesting 
and useful to see what could be done with the method in the case 
of the high nickel-chromium steels which were so much used for 
corrosion- and heat-resisting purposes. Looseness of structure on 
the central axis was a feature to which some of these steels were 
particularly susceptible, and the Durville process appeared to offer 
an advantage in that respect. 

For the inception of the process credit must of course be given 
to Durville, but the author had added to the very useful contributions 
which he had already made on the subject of ingots by the careful 
and systematic trial which he had carried out. 

Finally, on the question of ladle segregation, it would be useful 
to know both the capacity of the converter used and the amount of 
steel in the ladle from which the ingots were cast. 
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Dr. W. H. Hatrrevp, F.R.S. (Vice-President, Sheffield), said that 
presumably the author’s object was that those who read the paper 
should consider very carefully whether there was anything to be 
learned from it, and personally he was surprised that Dr. Main had 
missed one or two essential points. Fig. 1 showed six different 
positions in casting by the Durville process. That operation was 
conducted slowly; the author had said that it must be slowly and 
carefully done. That clearly meant that the hot liquid steel was 
being poured down one side of the mould, and therefore one side of 
the mould was heated as the steel was poured in, so that at the end, 
when the mould was full of liquid steel and freezing began, the first 
chill crystals which formed the outer layer of the ingot would tend 
to be of unequal thickness, which was a very bad feature. It was 
therefore necessary to visualise the freezing of an ingot in a mould 
one side of which was hotter than the other. The implications of 
that, bearing in mind how important it was to have complete 
symmetry in the freezing of an ingot, must be very carefully studied. 

As bearing on that, it was of interest to test the observation 
which he had made by looking at Fig. 3, where on the left-hand 
side was shown the Durville-cast ingot and on the right-hand side 
the direct-cast ingot. He would call attention to the pipe at the 
top of the former, which was about } in. out of centre. 


Dr. NortTucott agreed that that was the case. 


Dr. HATFIELD, continuing, said that, apart from the fact that 
in a steelworks one would not wilfully cast an ingot over the lip of 
the ladle, but preferred to use the nozzle, for the reason that he had 
put forward he suggested that there were great disabilities in the 
procedure suggested, and he was a little surprised that such dis- 
abilities had not been brought out in regard to the casting of non- 
ferrous ingots. Frankly, he did not admire the procedure. 

[t must of course be agreed that, as the Ingot Committee had 
already shown, there was a critical temperature at which, if all the 
steel could be got into the mould at that temperature, there would 
be crystallisation from a vast number of nuclei, and an almost 
complete absence of segregation. He had actually demonstrated 
that in ingots. How that was to be achieved it was very difficult 
to say, and he would remind the author that the problem was not 
the casting of one ingot but the casting of 20, 30 or 40 ingots from 
one cast of steel, and therefore to apply the Durville process would 
mean adding another operation. However, he did not want the 
author to think that his remarks were intended to be too critical, 
and all the members of the Ingot Committee would welcome very 
much the account which the author had given of his interesting 
experiments. 


Mr. C. H. Meteu (Cheltenham) remarked that he knew nothing 
at all about steel work, but a good deal about the Durville process. 
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He was demobilised from the British Army in 1919 to manage the 
Durville works for making aluminium bronze. They cast about 
20 tons a week for the French Mint at that time in plate which 
was afterwards rolled out into sheet and stamped into franc, 2-franc 
and 50-centime pieces. There was no doubt that in aluminium 
bronze the process gave very clean ingots—better ingots, he imagined 
than would be obtained by any other process at that time—but the 
system as described in the paper and as patented by Durville was 
far from perfect. 

In the Durville process the metal was poured into a pocket 
attached to a mould, and both were tilted until the metal was 
transferred to the mould without turbulence, but the tilting had to 
be done at a relatively high speed; the author mentioned 7-10 sec., 
and if a longer time were taken there would be solidification in the 
head and pocket, and the slower the operation the more solidification 
there would be outside the mould. 

On the other hand the more slowly the mould was filled the 
more chance there was of feeding; if the casting was done slowly 
enough and the metal in the pocket remained hot enough, it would 
be possible to feed the ingot as the mould was being filled. 

At least one firm in France used an ingot mould and pocket of 
the type shown in the diagram, Fig. A. The mould was filled pro- 
gressively by the metal passing over a very much smaller height, or 
chilling surface, at the entry of the mould than in the arrangement 
in Fig. B, and at the end of the tilting operation the temperature 
of the metal at the foot of the ingot was less than that at the head, 
whereas very little difference existed between the temperatures at 
the foot and at the head of Fig. B. In both cases a head of refractory 
material was placed between the pocket and the mould to retard 
solidification and to allow final feeding, but even by that process 
it was not possible to get absolutely sound ingots. Figs. A and B 
showed the successive levels of metals from A to F. 

It had been said that there was a disadvantage in heating one 
side of the mould, because it pulled the final contraction cavity to 
one side. In aluminium bronze it certainly was not a disadvantage 
—if it was possible to feed the ingot. When casting a complete 
ingot by this process the final contraction cavity was to one side. 

With the Durville process it was not possible to feed ingots 
which had a length of more than 2} times their diameter, but if, 
instead of pouring the metal into a pocket and letting it cool during 
the tipping process, the casting were done direct from the furnace 
into the mould, but still without turbulence, a widely different result 
was obtained without superheating the metal in the furnace to 
compensate for loss of heat in the pocket. 

In the last-mentioned method of casting it took 20 min. to fill 
the mould of a 2-ton ingot. That meant that the metal solidified 
progressively from the bottom of the mould, and that very little 
molten metal was left in the mould by the time it was completely 
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filled and the amount of feeding necessary was very small. The 
metal sank at one side of the head, but the head was cut off. In 
other words, by pouring direct from the furnace it was possible to 
cast at the rate of 3-4 lb. per sec. for big ingots weighing 2 tons and 
at the rate of 2-5 lb. per sec. for small castings of the type referred 
to in the paper. 

As a matter of fact, the non-turbulent method of casting was 
also being applied to sand castings in Britain, but it had nothing to 
do with the Durville process. 


c 

















Fic. A. 


























Fic. B. 


It had been stated in the discussion that the process would cost a 
good deal to instal and a good deal to run. He quite agreed that 
the Durville process as patented was a very expensive one, and it 
was limited to relatively small ingots, but methods had been 
perfected in the last twenty years which rendered non-turbulent 
pouring not only technically but commercially efficient. 

After leaving the Durville works and setting up on his own account 
near Rouen, he had the pleasure of demonstrating improved methods 
to Dr. Genders during the International Foundry Congress in Paris, 
and, as Dr. Genders was conversant with the problems of steel 
production, it was thought that he would be in a position to appre- 
ciate the possibilities of the application of the new methods to steel. 
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CORRESPONDENCE. 


Mr. P. and Mr. G. Durvitte (Issy-les-Moulineaux, France) 
wrote that they had received a copy of Dr. Northcott’s paper on the 
application of their patent to the casting of steel, and ventured to 
offer a few useful remarks on the subject. 

Several technical advantages and drawbacks had manifested 
themselves in the general application of the Durville tilting process, 
having for its object the greater homogeneity and the better quality 
of ingots. 

The paper showed that this process, when used for casting small 
steel ingots, gave a fine structure and an improvement of mechanical 
and physical characteristics. 

According to the length and the section of the stream of metal 
in contact with the air, the direct pouring of liquid steel subjected 
the metal to a varying degree of oxidation, a phenomenon very well 
known. This mainly characterised the difference between the two 
pouring methods examined. Actually, the direct-poured steel and 
Durville steel had the same origin, but just before the process of 
solidification the periods of contact of the stream of liquid with the 
air and the air carried with the stream and injected into the liquid 
masses were of a different order. In the Durville process there was 
much less contact with air, and this resulted in the maintenance of 
the content of carbon and silicon, as shown by Dr. Northcott’s 
figures in Table I. of the paper. 

In addition to these advantages, two factors were brought out 
by the paper to which they would like to direct attention. 

On analysing the processes of pouring as described, it could be 
found that if the direct process of pouring employed necessitated 
two stages of pouring of the liquid metal from the ladle or the 
furnace, the Durville process necessitated only one stage. By 
referring to the analyses of Table I. in the paper, a comparison of 
the corresponding figures gave a quantitative appreciation of the 
effects of pouring in contact with air on the composition, as 
follows. 

(1) The contents of alumina found in the analyses showed, in 
general—as was also shown by the micrographic examination—that 
the non-metallic inclusions were less in the ingots poured by their 
process than in those poured by the direct process. The difference 
between the respective alumina contents gave an idea of the extent 
of the formation of alumina (which remained in suspension) by the 
oxidation of the stream of liquid metal. 

If there really was an advantage in seeking the reduction of non- 
metallic inclusions (they had themselves been in a position to confirm 
this in the case of alloys that were to be used in the polished state) 
their process could contribute to this requirement all the better 
because it was possible to induce the rising of the inclusions in 
suspension in the ladle of the apparatus before pouring, particularly 
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alumina, with the certainty that further alumina would not be 
formed, even if aluminium remained in the bath. 

(2) For steels containing aluminium in appreciable quantities 
(i.e., more than 1%) the loss of carbon and silicon arising from the 
greater agitation of the direct-pouring process was not greater than 
that arising from the rotatory process. 

This led them to say that in certain cases when several stages of 
pouring had to be effected, one should, in order to retain always 
an exact content of carbon and silicon, provide a desired excess of 
aluminium, and for such steels it was logical to apply the Durville 
process of pouring. 

There was one technical drawback which might, at first sight, 
cause hesitancy in extending the use of the Durville tilting 
process, notwithstanding its advantages, namely, that the stream 
of metal flowed against one corner or along one side of the mould, 
and this might result in an uneven distribution of the crystals during 
solidification. The writers had noticed this when first applying their 
process, and had pointed out this factor in their communication to the 
American Institute of Mining and Metallurgical Engineers in New 
York in February, 1927,! and in an article in Revue de Métallurgie.? 
They understood that Dr. Hatfield, to whose high attainments they 
paid tribute, had made that same remark during the discussion of 
the paper. 

It was a fact that certain alloys were so susceptible to structural 
asymmetry during solidification that their tilting process could not 
be applied to cast them. 

However, this drawback was not sufficient to set aside this process 
for casting ingots of ordinary shapes in the case of the usual alloys; 
for example, aluminium, which when poured over a corner of the 
plate produced ingots which could be rolled, would, a fortiori, have 
an acceptable structure resulting from the application of their 
process of pouring under no matter what conditions. 

Furthermore, long practice had shown that the crystalline 
susceptibility of certain alloys would allow of the asymmetry of 
solidification that resulted from their method of pouring. All that 
was required was to reduce this asymmetry to the minimum, and 
for that purpose to employ the most suitable shapes and sizes of 
the apparatus and to make the best use of the most easily controlled 
variable factor of the operation, namely, the speed of rotation and 
the eventual variation of this speed during tilting. 

Finally, two practical points were to be noted, which brought 
out the advantage of the application of the rotatory process to the 
casting of small steel ingots. The first was the possibility of 
“multiple pouring ’’ by means of a ladle extended transversely, 
which fed at the same time several grouped moulds (they had in 

1 Proceedings of the Institute of Metals Division, American Institute of 


Mining and Metallurgical Engineers, 1927, p. 347. 
2 Revue de Métallurgie, Mémoires, 1928, vol. 25, p. 569. 
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practice poured ten small ingots together in this way). The second 
point arose from the large reduction of the pouring temperature in 
comparison with the direct process. This reduced the relative 
size of the pipe and required a head of smaller size. The photo- 
graphs of sections of ingots shown in Fig. 3 of the paper gave only 
an imperfect idea of this result, as the upper parts of the ingots had 
been partly cut away, but current practice confirmed this statement, 
and the practical result was a reduction in the charge for a given 
ingot. 


Mr. F. K1ne (Banbury, Oxfordshire) wrote that he had read with 
great interest the paper on the application of the Durville process to 
the casting of steel. 

Some years ago he was engaged in work which involved the use 
of the Durville process for the casting of non-ferrous ingots on a 
commercial scale and many disadvantages were apparent. For 
instance, the “ skull ”’ left in the ladle, being attached to the ingot, 
made the removal of the latter a matter of difficulty. The shrinkage 
cavities obtained were of much larger proportions than those illu- 
strated by the author, the scrap from this defect often amounting 
to as much as 25% of the total ingot weight. Another source of 
scrap was the wrong estimation of the amount of metal in the ladle 
required to fill the mould, errors either way being objectionable, 
yielding either short ingots or excess metal which splashed on to 
the floor. 

The rotatory method of casting did offer certain advantages, but 
he thought that the method described by A. v. Zeerleder in his book 
“ Technology of Aluminium and its Light Alloys ”’ offered a more 
practical method of applying this principle than the Durville process 
did. Briefly the method was as follows : The ladle and mould were 
separate, and rotated about independent axes. Before the com- 
mencement of pouring the mould was tilted to within about 10° of 
the horizontal. The spout of the pouring ladle was then brought 
close to the mould and the ladle was tilted so that the metal ran in 
a steady stream. When the surface of the metal had nearly 
reached the top edge of the mould the latter was steadily rotated 
into the vertical position, the rate of pouring being sufficient to 
maintain a constant level at the top of the pouring edge. Hot metal 
was then fed from a small ladle to prevent the formation of pipe. 
In this way one large ladle could be used to fill a number of moulds. 

With this modification it might be possible to extend the field of 
application of the rotatory process in the casting of steel. 

One more point which should be borne in mind was that the wear 
on the pouring side of the mould was very severe, and it was advisable 
to make this part replaceable, since when worn there would be 
irregularities which would cause turbulence. 
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AUTHOR’S REPLY. 


Dr. Nortucorr stated, in replying to Dr. Main, that he had 
not attempted to cast the comparison ingots direct from the ladle 
at the low temperature adopted for some of the Durville ingots, 
owing to the disadvantage, referred to in the paper, of the freezing 
up of the stopper and nozzle in the travelling ladle. It was this 
ability to fill the mould with metal only slightly above its freezing 
point which was one of the advantages of the process. The ton- 
verter was of 2} tons capacity; four pairs of ingots were cast from 
a ladle containing the full charge and the remainder from a smaller 
quantity which varied from 3 to 5 ewt. The author was only in 
partial agreement with Dr. Main’s statement that what really 
mattered were the properties of the forged steel obtained from the 
ingot and not the properties of the steel in the ingot itself. The 
author preferred to subscribe to the view that perfection in a forging 
was not likely to be realised until perfection in the ingot could be 
assured. 

The lack of symmetry discussed by Dr. Hatfield had never been 
experienced by the author in steel or copper-rich alloy ingots cast 
by the Durville process and he noted that Mr. Meigh had ex- 
perienced no disadvantage in the case of aluminium-bronze ingots. 
An examination of the sample to which Dr. Hatfield drew attention, 
in Fig. 3 of the paper, showed that the axis of unsoundness in the 
body of the ingot corresponded with the axis of the ingot. It 
must be remembered that the mould was filled in a matter of 
seconds, so that differences in the temperatures of the mould walls 
during ingot solidification were small. Dr. Hatfield also pointed 
out that an almost complete absence of segregation was obtainable 
when crystallisation occurred from a vast number of nuclei, and it 
was the author’s object to draw attention to a method by which 
this could be assured. The need for obtaining more than one ingot 
from each cast did not rule out the Durville process; he himself 
had cast three ingots at a time in the same apparatus and he was 
glad to learn from the correspondence by Mr. P. and Mr. G. Durville 
that they had cast as many as ten ingots together. 

The contribution from Mr. Meigh was of particular value, 
coming as it did from one who had had considerable commercial 
experience with the Durville process; the author was glad to 
learn that in Mr. Meigh’s opinion non-turbulent pouring was not 
only technically but also commercially efficient. Casting by the 
non-turbulent method described by Mr. Meigh had been carried 
out by the author, who agreed that it had economic advantages 
over the Durville process, especially if the metal were poured direct 
from the furnace. 

The remarks by Mr. King were of interest as drawing attention 
to the disadvantages which might arise from inadequate control 
of the casting conditions when using the Durville process. 
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The author was glad to have the views of Mr. P. and Mr. G. 
Durville upon the application of their process to the casting of steel 
as described in the paper and thanked them for drawing his attention 
to a further advantage of the process, namely, the reduction in 
size of the pipe and the need for a smaller feeder head, owing to 
the lower casting temperature that could be used. 
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A NOTE ON THE SLOW COOLING OF 
INGOTS. 


By W. J. REES, M.Sc., F.1.C. (SHEFFIELD). 


SUMMARY. 


Ground limestone and commercial magnesia are shown to be 
almost as efficient as diatomaceous earth in forming a bed of material 
for thermal insulation in the slow cooling of ingots. They appear 
likely to provide innocuous substitutes for the potentially dangerous 
diatomaceous earth. 





Ir is necessary at times to allow hot steel bars or ingots to cool 
slowly and uniformly, and for this purpose they are immersed in a 
bed of a dry material of low thermal conductivity. At some steel- 
works, diatomaceous earth (kieselguhr) has been used for this pur- 
pose because of its exceptionally low thermal conductivity, but as 
all these diatomaceous earths contain a high proportion of free silica 
in a very fine state of division, the dust which is formed in handling 
them is dangerous to health. 

At the suggestion of H.M. Medical Inspector of Factories, a 
series of tests have been carried out to ascertain the possibility of 
substituting an innocuous material for the undesirable diatomaceous 
earth. It is necessary that the substituted material should be 
reasonably close in efficiency to diatomaceous earth, and should be 
readily obtainable at a price which would permit its use. 

A number of materials have been tested, and compared with the 
diatomaceous earth which had been in use at one steelworks, 
including : 


) Light magnesia. 

) Commercial magnesia. 

) Crushed limestone (—60 mesh). 

) “ Thermosit ’ foamed blast-furnace slag (— }-in.). 
) 

) 

) 


€ 


(1 
2 


‘“* Blown ”’ mica. 
Dry hydrated lime. 
Dry lime. 
) Ground chalk. 
) Crushed dolomite (—60 mesh). 
) Ground firebrick (—20 mesh). 
) Coal ash (from gas producer (—4 mesh), 


(2 
(3 
(4 
(5 
(6 
(7 
(8 
(9 
(10 
(11 


1 Received March 18, 1939. 
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THE SLOW COOLING OF INGOTS. 


4 (Connected to Millivolt Meter.) 
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The test results obtained indicate that the efficiency of the light 
magnesia is equal to that of the diatomaceous earth, and that the 
commercial magnesia and crushed limestone are only slightly less 
efficient. In view of the comparatively low price at which the 
crushed limestone should be obtainable it seems worthy of a trial 
for this purpose. The tests made indicate that it is neither neces- 
sary nor desirable that the limestone should be ground to a fine 
powder, as the presence of a proportion of material between 60 and 
100 mesh appears to be advantageous. 

The cooling curves in Fig. 1 were made as described below. 


Method of Testing. 


A steel bar was used, 3-1 in. in length and 0-75 in. dia., with a 
hole drilled down the centre to allow a thermocouple to be inserted 
1-5 in. into the metal. This was supported on a small base of 
insulating firebrick during the experiments, so that the test-piece 
was always in the same position in the case for each material used. 
The surrounding case was 8 in. in height and 6-5 in. square, and 
contained, when full, approximately 330 cu. in. of material (see 
Fig. 2). 

Each test was carried out in the following manner: The steel 
test-piece was placed in a mufile at the desired temperature, taking 
care to keep the conditions as reducing as possible to avoid the 
formation of scale on the test-piece. After allowing the test-piece 
to reach the temperature of the muffle with a short time for soaking, 
it was removed from the muffle and placed on the base, already 
resting at the bottom of the steel case, the thermocouple was 
immediately inserted, and the case was filled to the top with the 
insulating material. The millivoltmeter to which the thermocouple 
was connected was allowed to become constant before any readings 
were taken, and then a time-millivolt relationship was recorded. 


The author is indebted to Mr. K. W. Slack, M.Met., M.Sc.Tech., 
for assistance in the experimental work. 
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SLOW COOLING OF INGOTS.—CORRESPONDENCE, 


CORRESPONDENCE. 


Mr. C. H. KAIn (Braintree, Essex) 
wrote that the following data, 
obtained in practice, confirmed 
the results given by Mr. Rees. 
Cylindrical castings weighing 70 
lb., while still at a bright yellow 
heat, were placed in drums in 
such a manner as to be completely 
surrounded by 4-5 in. of the 
insulating material. One of the 
materials used was a proprietary 
brand which appeared to consist 
of a mixture of blown silica and 
asbestos and which was very widely 
used for boiler coverings, and the 
other material was plain crushed 
limestone of —60 mesh which had 
been passed through a core-drying 
oven in order to ensure the complete 
absence of moisture. 

The castings were placed in 
the drum, a thermocouple was put 
on one end, and a small steel 
weight was placed over the couple 
to make contact. The insulating 
material was then poured round 
the whole assembly. The tabula- 
tion on p. 320P showed the 
temperature readings recorded (see 
also Fig. A). 

The lag in reaching the maxi- 
mum temperature was probably 
due to the chilling effect of the 
steel weight, and the difference in 
maximum temperature attained be- 
tween the two castings was pro- 
bably due to improper contact of 
the thermocouple in the case of 
the casting packed in limestone. 
In spite of this difference, it was 
interesting to note that the rate of 
cooling was practically identical in 
each case. The quantities of material 
used in these experiments were 41 
lb. of the proprietary material and 
178 lb. of the limestone. 





9 10AM. 








—L_ 
nhs Ko Om 
8 























3 





JAM. 2 








ne 
—_— 








3. 
night. 
Fic. A. 





$44 
WPM. Mid- 


_— 








5 Lim 


/0 











627-5 


_— 
_-_— 





bein SD 














5 



































319 P 








320 P REES.—AUTHOR’S REPLY. 


Casting No. 9627-3. Casting No. £9627-5. 
In Proprietary Insulating In Limestone. 
Material. 3.12 P.M. 3.29 P.M. 
26/5/39. 26/5/39. 

Time. Temp. Time. Temp. 
P.M. "9, P.M. °0, 
3°14 490 

3°20 690 Rising—lag ; 3°38 620 
3°27 755 on couple. 1 3-58 650 
3:34 770 4-14 630 
4-05 750 4:31 600 
4:12 730 4-49 565 
4-32 710 5-03 540 
4-48 685 5-15 525 
5-04 660 5-27 510 
5-14 650 5:40 490 
5°28 640 7-46 390 
5:40 630 

7:48 535 

27/5/39. 27/5/39. 

A.M. °C. A.M. *0. 
9-38 220 9-40 125 


AUTHOR’S REPLY. 


The AvuTHoR, in reply, wrote that Mr. Kain’s comparative 
tests on a practical scale of the behaviour of crushed limestone 
and the “ blown silica-asbestos’ mixture in the slow cooling of 
castings provided a useful confirmation of the laboratory tests 
detailed in the paper, and suggested that the ground limestone 
would prove to be a satisfactory and inexpensive substitute for 
insulating materials which might produce, during their handling, 
a dust which was dangerous to health. The author was grateful 
to Mr. Kain for making this practical trial and communicating the 
results of it. : 
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THE ROLLING OF SECTIONS AT THE 
APPLEBY-FRODINGHAM STEEL CO., LTD. 


By W. T. WILSON (ScuntTHORPE). 
(Figs. 6 to 8 = Plates XX. to XXII.) 


SYNOPSIS. 


Brief mention is made of the chief characteristics of the mill, 
illustrated by a layout drawing. Increased outputs, better yields, 
and reduced costs are the result of constant improvement in tech- 
nique, and some successful experiments are described and results 
tabulated. 

An improved method of charging the soakers is mentioned. 

The design of the cogging rolls and the standard ingot used are 
illustrated. 

Three examples of roll design for 10 in. x 3$-in. channels are 
illustrated and discussed, the actual rolling rate per hour and yield 
from each design being given. Two designs for 15 in. x 5-in. joists 
are dealt with in the same manner. 

Four layouts for joists of various sizes are illustrated and their 





ee respective merits are explained and criticised, the yield and rates 

= per hour being given. 

of The diagonal system of rolling is dealt with and yields and rolling 

stis rates are given to support the points made, 

ne The savings made by using the new-type alloy rolls on various 

‘or sections are shown, and comparative tonnages per inch of roll life 
are given. 

1g, The method of reducing roll changing to a minimum is described 

ful and changing times are quoted. 

he The new mechanical cooling bank and roller-straightening 


machines are described and results from the latter for various groups 
of sections are tabulated. 
In connection with the 15-in. mill, a four-roll design is illustrated, 
the method of rolling is described, and the savings are enumerated. 
The mills consist, briefly, of a 36-in. cogging mill (two-high), a 
32-in. finishing mill (three stands, two-high), and a 15-in. merchant 
mill (four stands, three-high). 


THE PLANT. 


History.—The large mill was put into production about fifty 
years ago and was followed some nine years later by the 15-in. mill. 

To-day very little remains of the original large mill, which has 
been replaced by one which is modern and up-to-date and which is 
sufficiently flexible to cater for the very varied demand for shapes 
met with in Great Britain. 

The following is a brief description of the plant together with 


1 Received February 22, 1939. 
1939—i Y 
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some of the methods used in the never-ending quest for improve- 
ments in practice with consequent reduction of cost. The general 
layout is shown in Fig. 1. 

Soakers.—There are four regenerative-type pits, blast-furnace- 
gas-fired, with hydraulically operated rolling lids, each pit holding 
twenty ingots of 4 tons weight. Steady increases in output from the 
cogging mill have demanded better soaking-pit practice, and as a 
result the following method of charging has been evolved: Two 
pits are used as preheaters for all cold material, and the other two 
for hot ingots either direct from the steel furnaces or from the first 
two cold pits. 

Cogging Mill_—The soaker cranes feed the ingots direct on to a 
roller train leading to the cogging mill, which is two-high with pinion 
centres of 36-in. and has electrical screw-down and hydraulic balance. 
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6-6" 
Stendard 4-Ton Ingot. 
Fic, 2,—36-in. Mill, general cogging rolls and standard 4-ton ingot. 





Details of roll dimensions, bearings, &c., will be found in an Appen- 
dix. 

Fig. 2 shows the design of the rolls and of the 4-ton ingot used. 
This ingot was designed with a view to rolling in a closed pass as 
soon as possible, thus preventing the ingot corners from cracking. 

The manipulators are hydraulically operated and the mill pro- 
duces blooms for the 32-in. finishing mill, blooms for the 15-in. mill 
and blooms and slabs for sale. 

Pyrometers are used to ensure that the ingots are not cogged at 
too low a temperature, with resultant excessive cracking. After 
shearing, sale blooms and blooms for the small mill are removed by 
overhead crane, while blooms for the 32-in. mill proceed by an 
electrically-driven roller train to the reheater charger. 

Reheater.—This is of the horizontal regenerative type fired by 
blast-furnace gas and takes blooms 18 ft. 6 in. long when the linings 
are new. The blooms are charged and withdrawn by a ground- 
type charging machine and are fed back to the finishing mill by an 
electrically-driven roller train. 

32-in. Finishing Mill—This mill has three stands, two-high, 
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driven by a three-cylinder horizontal steam engine with cylinders 
45-in. in dia. by 52-in. stroke coupled direct to double-helical 
machine-cut pinions of 32-in. centres. 

Features of both the first and second roughing stands are the 
hinged panels to assist the entry of rolls with big collars. Hydraulic 
manipulators are used at the first roughing and finishing stands. 

Cross-over from one stand to another on either side of the mill 
is effected by means of electrically-driven pushers. 

The range of sizes rolled in the 32-in. mill is as follows : 


Joists . ; . 4in. xX 3 in. to 24in. x 7} in. 

Channels ‘ . 4in. X 3 in. to 15 in. x 4 in. 

Angles . : . 38in. x 3 in. to 8 in. x 8 in. 

Flats. ‘ . 4in, to 18 in. 

Tees. , . 4in. x 3 in. to 4 in. x 8 in. 

Rounds ; . 3$ in. to 8 in. 

Bulb angles . . 4in. X 2} in. to 12 in. x 3} in. 

Zeds_. 4in. x 24in. x 24 in. to 9 in. X 3} in. x 3} in. 


Sheet piling and many other special sections. 


RoLtumnGc PRACTICE. 


With regard to the problem of yields and rolling rates the fol- 
lowing illustrations may be of interest : Fig. 3 shows three designs 
used for making 10 in. x 34-in., 24-46 lb. per ft. channels. 

Design I., which was originally used, has quite a number of 
drawbacks from the point of view of rolling rates and yields. To 
increase the speed it was decided to reduce the number of passes 
from 10 to 8, and, by splaying out the flanges as shown in design II., 
elongations were increased and the result shown on Table I. was 
achieved. 


TaBLE I.—Effect of Design on Yield and Rolling Rates. 

















(See Fig. 3.) 
Design I. Design II. | Design III. 
Yield. % : . F : : 84-0 85-5 87:3 
Rolling rate. Tons per hr. . ° 30-6 38-2 41-8 








One of the big disadvantages of design I. was the tendency of 
the flanges to choke, with consequent waviness in the finished bar, 
poor ends, and a tendency for the back of the web to be bevelled at 
the edges. The work on the flanges in design II. more nearly 
approaches direct work, and better control is the result. 

Working design II. for about 15,000 tons showed certain disad- 
vantages. The bloom size used (10 in. x 64 in.) was not made in 
the cogging mill at quite so fast a rate per hour as the old size used 
in design I. (88 in. x 7} in.), with the result that less time was avail- 
able for blooms for the 15-in. mill or for sale. Investigation of this 
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resulted in design IIT. with a bloom size of 8? in. x 7? in., and pass 
design similar to II. but with 4 passes in the second roughing and 
4 in the finishing (2 finishing passes), as compared with 3 and 5 in 
the previous design. 

The position of the cogging mill was thus improved, while the 
finishing mill made further gains in speed, owing to the 4 roughing 


Design I.- Bloom Bi x 74. 
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Fic, 3.—10 in. by 34-in. Channels. 


passes being made at the same time as the 4 finishing passes of the 
preceding bloom. Careful attention to detail in the design of each 
pass was repaid by a still better yield, as shown in Table I., which 
gives the averages of many rollings. The roll cost per ton was, of 
course, reduced by having two finishing passes. 

The many obstacles in the way of a good yield from joists are 
well known, and need not be enumerated here. However, there is 
one source of loss which may be quite serious, particularly in the 
larger sizes of joists, namely “ long ends.”” These are usually caused 
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by what may be termed “ lack of flange control.” Broadly speaking, 
the ideal roll design for a joist should have alternate open and 
*closed flanges from beginning to end, but this is not always possible, 
owing to the limitations imposed by barrel length, collar sizes, &c. 


Design I.- Bloom 16"x 10%. 
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Fic, 4.—15 in. by 5-in. Joists. 


Fig. 4 shows the old and new designs for 15 in. x 5-in. joists, 
a section which gave quite a lot of trouble when being rolled from 
design I. The bloom was rolled through pass 1 five times, pass 2 
twice and the remaining passes once each. It will be seen that 
there are no open flanges on the bottom roll between passes 3 and 7, 
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giving a lack of control which resulted in narrow ends of even as 
much as 10-15 ft., both front and back. Also, the bottom flanges 
from No. 2 choked badly when entering No. 3, failed to get down to 
the bottom, and in addition caused the metal to flow through the 
joints at the side, resulting in a lap on the side of the flange in the 
finished bar. 

Design II., which has the same number of passes as design I., 
while not by any means perfect, approaches, as near as the limita- 
tions of the mill will allow, to the ideal of alternate closed and open 
flanges. It may be said that top collars are always a potential 
source of “ cobbles,” but it has been found that, provided that the 
top guards are carefully set at the beginning of the rolling and 
periodically examined for possible damage, no difficulty is experi- 
enced in this direction. The ends produced from this design are 
down to 2 ft. 0 in. to 2 ft. 6 in., and Table II. shows the results 
obtained. The increase in rolling speed is due to the fact that design 
II. gives practically no trouble, whereas design I. required constant 
attention. 


Taste Il.—Effect of Design on Rolling of 15 in. x 5-in. 
Joists. (See Fig. 4.) 











| | Design I. Design II. | 
Yield. % . ‘ , ‘ : 83-90 85-95 
Rolling rate. Tons per hr, 33-3 39-6 








The first roughing rolls in design IT. in Fig. 4 are also used for 
14in. x 5}-in. and 14 in. x 6-in. joists. 

Fig. 5 shows the pass layout of four typical groups of sections. 
In the 20 in. x 7}-in. group (group 1) the first roughing rolls have 
3 passes, and the method of rolling is seven times through No. 1, 
three times through No. 2 and twice through No. 3. Passes 1 and 2 
both have the joints at the side, but it will be noticed that in No. 2 
the joint is raised above the pitch line to assist in preventing the 
metal from squeezing through the joint at the side and forming a 
bead which would result in a lap when the bar is put through pass 3. 
From the open-topped flanges of No. 3 the bar passes once through 
each of Nos. 4, 5 and 6 of the second roughing rolls; each of these 
passes is closed-topped, an undesirable feature but one which is 
brought about by the relationship between the width of the section 
and the available barrel length of roll, which prevents the necessary 
double collar from being put in to make the alternate closed—open 
sequence which is preferred. The closed-topped passes have to be 
equipped with top-guards, but when these are carefully set very 
little trouble is experienced with this set of rolls. 

The finishing rolls suffer the same handicap as the second 
roughing, but in this case each of the three passes is open-topped. 
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This design cannot be termed good, but it seems to be the best 
compromise that can be effected with the existing limitations. 
Group 2 illustrates the method of rolling for medium-sized joists. 





7 8 9 
Finishing Rolls. 

8 9 10 
Finishing. Rolls. 
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Finishing Rolls. 

Group 4.- 6°x 3” Beams. 
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The first roughing rolls contain 4 passes and the bar travels five 
times through No. 1 and then once through each of the succeeding 
passes. Passes 1 and 2 follow the same general lines as Nos. 1 and 2 
in group 1, while Nos. 3 and 4 are both open-topped. The two 
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Fic. 8.—Overhead Crane, showing rigid beam with extending arms. 
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successive open-topped passes are necessary because of the limita- 
tion of barrel-length at the first roughing. However, commencing 
with No. 4, the ideal system of alternate open-closed sequence is 
maintained through to the finishing pass and the method of rolling 
may, therefore, be termed good. This is substantiated by reference 
to the yield and rolling rate per hour for 12 in. x 6 in. x 44-lb. 
joists hereunder : 

SS 

Rolling rate . ° ° . 51-5 tons per hr, 

Group 3 shows a method of rolling a small joist in two pairs of 
rolls. The roughing rolls are common to two sizes of joists— 
namely, 6 in. x 5-in. and 6 in. x 44-in.—but each section has its 
own set of finishing rolls, the one illustrated being for 6 in. x 5-in. 
joists. In this layout no screwing is done, the bar passing once 
through each of the passes shown. Pass 1 is open-sided, and Nos. 
2, 3 and 4 are all open-topped. However, control is obtained by 
turning the bar over between Nos. 2 and 3 passes. This still leaves 
Nos. 3 and 4 open-topped, but No. 4 commences the open-closed 
series. This is obtained in the finishing rolls by staggering the 
passes, No. 5 being the first, No. 6 the third, No. 7 the second and 
No. § the fourth. There are two finishing passes in this set of rolls. 
It cannot be claimed that this is an ideal design, but the section 
works well and gives very little trouble. The results obtained on 
6 in. x 5-in. joists are as follows : 

eee eR eee! Fe 
Rolling rate . ; . . 33-5 tons per hr. 

Group 4 shows the method of rolling the smallest joists which 
are rolled in this mill in one set of rolls. Pass 1 is open-topped, 
Nos. 2, 3 and 4 are on the diagonal, No. 5 is close-topped and No. 6 
is open-topped. Some typical results obtained with this layout are 
shown in Table ITI. 


Taste [1I.—Comparison of Straight Design and Diagonal 
Design. (See Fig. 5.) 


























Straight Design. | Diagonal Design. 
Section, 
| xm. x. [Relingate| isa. x, | Boling Rte 
6 in. x 3-in, joist : 87-8 | 20-4 | 88-44 25-77 
4in. x 3-in. joist . .| 85:3 | 16-2 87:6 19-0 
2 M dager sick 
20 in. x 7}-in. joist 81:8 | 38-2 | 76-55 25:1 








The diagonal method of rolling has both advantages and dis- 
advantages. The advantages are : 


(1) Higher reductions per pass may be made, as both the 
web and the flange are inclined to the roll axis. This enables 
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the number of passes on any given section to be reduced, with a 
consequent increase in rolling rate. 

(2) No allowance for spread need be made and therefore a 
wider bloom can be used, a fact which is sometimes useful. 

(3) A reduction on the height of the bloom may be made. 

(4) An increase in roll life is obtained as a less heavy dres- 
sing is required to bring in the worn flanges when the rolls are 
being turned. 


The disadvantages are : 

(1) The heavy thrust which occurs along the axes of the 
rolls, necessitating the use of thrust collars to assist the ordinary 
lateral adjusting screws. The wearing of these thrust collars 
will often cause the bar to have fins, the removal of which 
increases the cost in the finishing department and sometimes 
seriously delays delivery. 

(2) The rolling of non-standard thicknesses is difficult and 
the bars often have irregular flanges. This is due to the 
thickened open flanges failing to fill the closed flanges. 


The better flange control which is obtained by using the diagonal 
system is illustrated by the increase in yields on the two small joists 
shown in Table III. The rolls for these two sections are of grain 
iron, which resists abrasion very well, thus enabling the thrust 
collars to remain effective, and the roller has no difficulty in main- 
taining the section true to profile. Because of the strength required, 
the rolls for 20 in. x 7}-in. joists were in forged steel, a metal which 
has little resistance to abrasion. Because of this the thrust collars 
wore very rapidly, causing much trouble in the mill and a section 
which was not true to profile. 

Experience has shown that for the smaller size of joists, for which 
the use of grain-iron rolls is permitted, the diagonal system is better 
than the straight up-and-down system. In the larger sizes of 
joists, for which steel rolls are essential because of the strength 
required, the diagonal system should not be used. 

Table IV. shows the tonnage obtained per inch of roll life for both 
the diagonal and straight methods of rolling. 


TaBLE IV.—Roll Life. Effect of Design. 























Tons per Inch of Roll Life for— 
Section. Roll Metal. 
Diagonal Design. | Straight Design. 
20 in. x 7}-in. joists . | Forged steel 2,125 | 3,830 
6 in. X 3-in. joists . . | Grain iron 398 360 
4 in. Xx 3-in. joists . . | Grain iron 380 | 226 





The tonnage life obtained from a set of rolls is of great import- 
ance, as the cost of rolls per ton of steel produced forms a serious 
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item in the mill costs. To-day the mill manager has at his command 
a greater variety of rolls than ever before, and, provided that he 
works in co-operation with the roll manufacturer, useful savings in 
costs can be made. 

In Table V. four sections are chosen to illustrate this point. 
The original roll metal is given together with the tons per inch of 
life obtained from it and also the new type of roll along with the 
life. It will be seen that, making the necessary allowances for dif- 
ferences in initial costs, the savings obtained are quite substantial. 
In addition there is a considerable saving in dressing costs, as the 
alloy-type rolls give a greater tonnage per dressing than the plain- 
type rolls. 

The mill is manned by one roller and eight men on each shift, 
and these men do all the work necessary, including roll changing, 
tackle setting, manipulation, &c. 


Taste V.—Roll Life. Comparison of Roll Metals. 








Tons per Tons per 
Section. Roll Class, Inch of Roll Class. Inch of 
Roll Life. Roll Life. 
9 in. X 3-in., 17-46-Ib. 
channels 2 . | Grain iron 930 | Alloy iron 2,620 
7in. X 4-in. joists . . | Grain iron 580 | Alloy steel 1,390 
24 in. x 74-in. joists . | Forged steel | 4,000 | Alloy steel 9,070 
4 in. x 2-in., 7-09-lb. chan- 
nels (15-in. mill) . . | Grain iron 355 | Alloy steel 889 























Roll changing is of vital importance, and programmes are 
arranged to give the minimum number of changes possible. Sec- 
tions which require three pairs of rolls are preceded by one requiring 
only two pairs, and the two roughers make the change at the first 
roughing for the next three-pair section while the rolling of the two- 
pair section is proceeding, reducing the maximum roll change to 
two pairs. Sections which require only one pair of rolls all use a 
general second roughing designed purely for bloom reduction, and 
are rolled successively so that only one pair need be changed. 

The modern second roughing housings with one-piece chocks 
and bearings 19} in. in dia. affect the roll-changing times owing to 
a number of rolls still in use with 18-in. dia. necks—the size used in 
the previous housings—and for the sake of comparison changes 
involving bearing changes (i.e., chock changes) are separated in 
Table VI. 

The time is taken from the moment the last bar of one section 
leaves the rolls to the entry of the bloom for the succeeding section. 
The cramps are not changed, the tackle being knocked out and new 
tackle being set up. 

The finished sections are delivered from the mill by a roller train, 
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TaBLE VI.—Roll Changing, Week Ending 13/8/38 to Week Ending 














19/11/°38. 

Pairs of Total Time. Average 
| | Rolls. Min. | Time. Min. 
Changes, including bearing changes . | 52 | 2,482 47-73 
Ordinary changes. : 3 ‘ 600 20,737 34:56 
| 
Totals . | 652 23,219 35°61 
| | 








with a peripheral speed of 600 ft. per min., to two hot-saws, the first 
being 238 ft. and the second 390 ft. from the mill. The saws have 
a peripheral speed of 14,000 ft. per min. and a cutting speed of 1 ft. 
per sec. 


FINISHING FACILITIES. 


The increasing demand for a product true to section and gauge 
and dead straight makes a review of the finishing facilities impera- 
tive. Some years ago it was decided to make cold-straightening a 
part of the normal production process and to manipulate the hot- 
finished bars on a fully mechanised bank. This required very drastic 
alterations to the old-type cooling banks and side presses, and in 
order to provide a cold-straightened bar as the normal mill finish 
the plant described below, which is unique of its kind in England 
and in Europe, was installed and has more than justified its instal- 
lation. 

Immediately beyond No. 2 hot-saw is a travelling bar stopper 
driven by a 25-h.p. reversible motor, giving a top speed of 300 ft. 
per min., whilst by means of an electrically-operated change gear 
the speed can be instantly changed to 60 ft. per min. for fine adjust- 
ment. The range is from 16 ft. to 75 ft., and the operator reads 
his position from a scale marked in feet and inches (hot dimensions) 
attached to the side of the roller train. 

Behind the hot-saw and leading to the mechanical bank is a roller 
train about 250 ft. long consisting of thirty-three individually driven 
rollers with a peripheral speed of 500 ft. per min. (see Fig.6). Below 
the floor plates in the roller train are mounted nine stoppers which 
are lifted into position by electrically-operated thrusters. The 
sawn bays are pushed from the roller train by fingers, which are 
ambushed on the return to clear on-coming bars, each finger being 
controlled by its own solenoid. At this stage, joists and channels 
are turned up on to their flanges by turn-up elements arranged 
opposite each section of the cooling bank; other sections, such as 
angles and flats, are left in the as-rolled position. A second move- 
ment of the push-off gear removes the turned-up bar to the main 
conveying system, at the same time as the following bar is being 
positioned over the turn-up gear. The time cycle is 5 sec. The 
bank is divided into six sections, adjacent sections being coupled 
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together automatically when specially long bars are being cut at 
the saw. 

As the bars are equally spaced one in each line of fingers of the 
main conveyor and an adequate depth is provided beneath the bank, 
very rapid and almost perfect natural air-cooling takes place. On 
the out-going side of the bank the bars are turned down and pushed 
on to a roller train which feeds direct into the roller-straightening 
machines. 

Immediately in front of the roller-straighteners under the roller 
train is a travelling bar lifter which can be raised under a series of 
openings in the floor plates to assist cambered bars such as angles 
and channels into the machines. The lifter can only be raised when 
immediately below an opening, its position being shown by an illu- 
minated tell-tale. 

There are two one-pass roller-straighteners (Fig. 7) of the seven- 
roller type separated by a by-pass roller train, the whole being 
mounted on a travelling platform so that either the small or the 
large machine or the by-pass train can be brought into line with 
the delivery train from the cooling bank. 

Each machine has a two-speed gear, and is driven by a variable- 
speed motor, the range of delivery speeds being 164-394 ft. and 108- 
197 ft. per min. for the small and large machine, respectively. 

The yield of straight bars is good; Table V1I. shows the percen- 
tage of straight bars on various ranges of sections for six months 
ending June 30, 1938. The bars which are not actually straight 


TaBLE VII.—ELfficiency of Roller-Straightening Machines. 








Machine. | Section. Good. %. 
Large Joists : 10 in. x 4$ in. to 15 in. x 6 in, 95-62 
machine | Joists: 16 in. X 6 in. to 24 in. x 7} in. 87-04 
Channels : 9in. X 3 in. to 15 in. x 4 in, 95-22 
Angles : 6 in. x 6 in. to 8 in. X 8 in. 90-68 
Bulb angles: 11 in. x 3} in. to 12 in. x 3} in. 88-15 
Small Joists : 4in. X 3 in. to 9 in. x 4 in. 98-2 
machine | Channels : 4in. X 3 in. to 8 in. x 3} in. 96-63 
Angles : 3 in. X 3 in. to 5 in. x 5 in. 94-65 
Tees : 4in. X 3 in. to 4in. x 8 in. 88-69 
Bulb angles: 4 in. x 24 in. to 10in. x 3} in. 95-98 

















usually require only a very small amount of work at the side presses 
to put them into condition. 

To produce such results it is essential that a very accurately 
rolled bar should be produced. 

The bars are delivered from the straighteners on to a cold bank. 

Over the cold bank, with track at right-angles to the travel of 
the bars, is a 7}-ton overhead crane with a span of 130 ft. (Fig. 8). 
The main feature of this part of the plant is that stanchions, girders, 
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&c., are of all-welded construction, the only exception being the 
main girders of the crane itself, which are of high-tensile steel. 
The crane is of the rigid-beam type and is provided with motor- 
driven extensions to the beam to facilitate the handling of long bars. 

Under the gantry are side presses for rectifying the small per- 
centage of bent bars coming from the roller-straighteners, cold-saws 
and loading roads. 

The whole finishing plant is arranged so that specifications on 
which there are no restrictions are actually straightened and on 
wagons within a few hours of rolling. 

Material for inspection, &c., is taken into the stockyard by steam 
crane. The stockyard contains another side press, several cold- 
= and other machines for simple work such as holing, notching, 

C. 


15-mn. MILL. 


The mill is served by a continuous furnace of the regenerative 
type fired by blast-furnace gas. The blooms and billets are charged 
by an electrically-driven pusher and travel on water-cooled skids 
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Fic. 9.—4 in. by 13-in. Joists. Pass arrangement when using two middle 
rolls. 


as far as the hearth, where they are pushed out through a side door 
by a pusher driven by steam-operated pinch rollers on to an inclined 
rack leading to the roughing rolls. The mill has four stands— 
roughing, strand and ovals—which are three-high, and a guide 
stand, two-high, all driven by a 750-b.h.p. motor running at 90-160 
r.p.m., according to the type of section being rolled. 

The range of sections rolled in this mill is as follows: 


Joists : : . 8in. x 1} in. to 4} in. x 1} in. 
Channels . 3 . ldin. xX 1} im. to 4 in. x 2 in. 
Angles. ; . lfin. x 1} im. to 2} in. x 23 in. 
Rounds . , - in, to 3} in. 

Squares . ° - gin. to 3 in. 

Flats . ° - Ilfin. to din. 


Special sections. 
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In a three-high mill, there is usually a big proportion of the barrel 
length of the rolls taken up with ‘‘ dummy ”’ passes, a fact which 
one is apt to take too much for granted. Fig. 9 shows the layout 
for 4 in. x 1}-in. joists using two middle rolls. When the rolls are 
first mounted, the pass arrangement is la, 2a, &c., but when they 
are worn sufficiently for rolling to stop, all three rolls are taken out, 
and the top roll is put in the bottom, the second middle roll in its 
proper place and the bottom roll in the top. The pass arrange- 
ment then becomes 1b, 2b, &c. 

The tonnage life obtained from four rolls is double that obtained 
from three rolls, assuming both sets to be of the same quality, 
while the initial roll cost and roll dressing costs are each reduced 
by one-third. 

The finishing department contains the necessary complement of 
straightening machines, cold-saws, &c. 


The several ideas put forward in this paper are given in the hope 
that they may prove of interest and perhaps stimulate a further 
interchange of information on that important unit of plant—the 
rolling mill. 


The author would like to thank his employers, the Appleby- 
Frodingham Steel Company, Limited, for permission to give this 
paper, and the members of the staff who have assisted him. 


For Appendix see next page. 
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DISCUSSION. 


Mr. James HENDERSON (Hon. Treasurer, London) remarked 
that the works described in the paper were very well known to him, 
because they were where he had lived and grown up, and forty 
years ago he was manager of the mill to which the author referred, 
but which had been altered very much since that time. 

The paper was of a type which, it would be generally agreed, 
ought to be presented to the Institute from time to time. There 
had been presented at the present Meeting a great deal of extremely 
scientific matter, but, as the author said, the rolling of steel for the 
purpose of construction was the object of the industry; it was not 
possible to live on “ age-hardening ” alone, and something of a 
more substantial character was necessary. He would commend 
the paper to anyone who had to deal with the practical problems of 
rolling; they would find much in it which was deserving of study. 


CORRESPONDENCE. 


Mr. J. S. THORBURN (Glengarnock) wrote that Mr. Wilson’s paper 
would be greatly appreciated by all who had charge of mills pro- 
ducing a large variety of sectional material. The paper dealt most 
intimately with modern methods for obtaining increased output 
with better yields. These had been attained by careful study of 
the essential factors influencing production from the design and 
size of the ingot to the alteration of roll design where it was obvious 
that shape and the number of passes were retarding output. 

Where a standard size of ingot was delivered to the cogging mill 
this simplified roll design to produce the size of blooms and billets 
required for re-rolling. 

It was generally recognised that for what one would term the 
common design of rolls producing ee of the re-rolling blooms, 
there was a size of ingot which had definitely the correct shape for 
quick reduction and maximum output, with excellent protection for 
the steel. This was due to the size of the ingot being such that the 
reductions were the least possible number required in each groove, 
with the minimum of manipulation. The example, given on p. 
323 Pp, of the ingot being designed with a view to early control of 
the steel at the corners was one which was well worth considering, 
but was difficult in application where the sizes of ingots varied. 

The data given on rolling practice and the effect of roll design 
were most instructive, and demonstrated that with the collaboration 
of the mill staff the results justified the careful attention that had 
been given to detail. The comparison of straight versus diagonal 
design for beams was most interesting, showing clearly that large 
beams rolled by the diagonal method were not the success one would 
anticipate, 
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Fie, A.—Roll Design for Pit-ArchfSections, 4 in. x 


The paper left no scope for criticism, except 
that the percentage yields quoted in Tables I. 
and II. seemed to be exceptionally high, but 
this might perhaps be attributed to the alteration 
of design which had improved the flange control. 


Mr. T. Jotuy (Port Talbot) wrote that the 
paper was extremely interesting, particularly so 
in regard to the question of joist rolling in 
relation to yield and rolling rate. Mr. Wilson 
and his designers were to be congratulated on 
their enterprise. 

With regard to the diagonal rolling of joists, 
his (the writer’s) opinion was that the advantages 
were outweighed by the disadvantages, but 
where this method was favoured it did not 
appear to have been carried to its logical 
conclusion. 

In rolling a pit-arch section 4 in. x 2} in. x 2 
in. at Port Talbot (see Fig. A) it was known that 
a fished joint would need to be made in each 
arch; therefore it was obvious that if the rolls 
became wide owing to wear a slack joint would 
result, and with this in mind their roll designer 
decided to roll this section on the angle in all 
passes except the first. The experiment was 
successful and there seemed to be no reason 
why joists should not be finished in the same 
way. 

Mtr. Wilson’s design group 4 gave only one 
double collar which acted effectively as a steadier 
(the steadiers at the ends would probably 
break), with the result that lateral thrust was 
checked in one direction only. It was suggested 
that by putting all the grooves on the angle 
he would have room in his rolls to make an 
ordinary steadying collar which would take the 
thrust in both directions. This would reduce 
by half disadvantage No. 1 on p. 330 Pp. For the 
same reason there would not be the tendency 
to thickened flanges, thereby allowing the 
material to flow to the bottom of the closed 
flanges. 

The risk of fins was also lessened, because 
the joints were crossed in every pass; this was 
not possible when finishing on the straight. 

Another important item was that roll costs 
were reduced, because there was no need to scrap 
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rolls through their having worn too wide in the finishing pass; they 
could be dressed to minimum centres, and the joist was always 
the same width at a given web thickness. 

In the pit-arch rolls mentioned above, 8° of taper were put in 
the early passes and 6° in the finishing pass; the taper of course 
could be modified to suit circumstances or wishes. 


AUTHOR'S REPLY. 


The AvuTHOR wrote in reply that he would like to thank Mr. 
Thorburn for his appreciative remarks. 

The relationship between cogging-roll design and ingot sizes 
was a subject which, in the author’s opinion, had not yet received 
the attention it deserved from the point of view of yield loss due 
to cracking. 

Improvements in technique could only be made if there was 
complete co-operation between all the people concerned, and the 
data available for study were complete and accurate. 

With regard to the yields quoted in Tables I. and II., these were 
yields from blooms to saleable bars. 

In reply to Mr. Jolly’s interesting communication, the type of 
design shown in Fig. A was one which had been in use for a number 
of years at the author’s works and had given fairly satisfactory 
results. It did, however, suffer from disadvantage No. 2 on p. 330 P 
of the paper like all diagonal designs, and as the pit-arch section 
quoted by Mr. Jolly was one which was ordered in different weights 
per foot by different collieries, it would be interesting to know 
how this difficulty was overcome. 

It was appreciated that the 4 in. x 24 in. x 2-in. pit-arch 
section was not affected to the same degree as, say, 4 in. x 4-in. 
joists. 

With regard to the design shown in Fig. 5, group 4, Mr. Jolly’s 
surmise concerning the breaking of the end thrust collars had not 
been experienced except in isolated cases. 
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A STUDY OF ‘STRAIN-AGE-HARDENING ”’ 
OF MILD STEEL.* 


c. A. EDWARDS, D.Sc., F.R.S., H. N. JONES, M.Sc., ano 
B. WALTERS, M.A. (UNIvEeRsITy CoLLEGE or SWANSEA). 


(Figs, 20 to 27 = Plates XXIII, and XXIV.) 


SYNOPSIS. 


The paper deals with a study of the influence of cold-work pro- 
duced by tensile strains, followed by ageing at 250° C., upon the 
tensile properties of mild steel. Particular consideration has been 
given to the effects of small amounts of cold-work, such as are 
normally produced at the yield stress of normalised materials, and 
subsequent ageing upon the newly acquired yield point. Under 
these conditions it has been found that the yield point after age- 
hardening is proportional to the yield point of the material in the 
original condition. This appears to be true for mild steels of widely 
differing chemical compositions; but the presence of a comparatively 
large percentage of carbon causes a departure from this rule, because 
it diminishes the amount of ferrite which is present in the specimen. 

Much care has been devoted to the consideration of the possible 
influence of oxygen upon strain-age-hardening, but all the evidence 
indicates that this element has no effect when the specimens are 
strained under pure tensile stresses and aged at temperatures of, 
say, 250-300° C. It has been found that there is a linear relationship 
between the yield point of normalised mild steel and the size of the 
ferrite crystals present. Further, the amount of strain that takes 
place at the yield point is proportional to the magnitude of the 
stress at which yielding takes place. 

Attempts are made to show how these factors may be related, and 
tentative suggestions are put forward to explain them and the cause 
of strain-age-hardening. 


Introduction. 


Durine the last ten years or so, there has been, perhaps, no subject 
in the field of the physical metallurgy of mild steel which has 
attracted more interest, or a larger number of investigators, than 
that of “age-hardening.” It is well known that there are two 
clearly defined kinds of age-hardening, viz. : (a) That which develops 
in specimens after being quenched from a little below the temperature 
of the Ar, carbide change point, and (b) that which appears after 
cold-working. The former is generally known as “ quench-age- 
hardening” and the latter as “ strain-age-hardening.” In both 
instances, the hardening will take place in the course of time at the 
ordinary atmospheric temperature, but in each the rate at which it 
develops can be accelerated by heating the specimens to low 


temperatures. 
* Received February 3, 1939. 
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With quench-age-hardening the most suitable reheating tempera- 
ture is, say, 100° C., and for strain-age-hardening the temperature 
may be stated to be approximately 250° C. These temperatures 
cannot be exactly defined, but it is known that if they are exceeded 
secondary influences begin to set in, and these have the effect of 
removing some of the newly acquired hardness. 

Whilst the procedure involved in the production of quench- 
age-hardening and strain-age-hardening are so different, many 
workers seem to believe that the internal changes that occur within 
the metal are similar in character, and efforts have been made to 
correlate the two sets of phenomena. 

In the present investigation, the authors have confined their 
studies to strain-age-hardening. 

It is not proposed to give a detailed account of all the publica- 
tions on the subject, but references will be made to those which 
appear to have a direct bearing upon the present investigation. 
More complete references will be found in the rather extensive 
bibliographies in the excellent papers by Davenport and Bain,” 
Herty and Daniloff, and Mehl,‘ and Winlock and Leiter. Pfeil 
found that age-hardening, as judged by its effect upon the tensile 
strength of mild steel, is not influenced by the amount of cold- 
work put upon the metal. It must be remembered that Pfeil’s 
conclusions are mainly based on the influence of cold-drawing 
followed by ageing. Fry,‘ in the discussion on a paper by 
Oberhoffer, Hochstein and Hesenbruch, said : “‘ Soft steel deoxidised 
with aluminium and containing 0-05% excess is non-ageing.” 
Diergarten‘® concluded that: ‘‘ Steels deoxidised with manganese 
and silicon are susceptible to ‘strain-age-hardening’; whereas, 
when aluminium is used, they are not.” Hayes and Griffis“ claim 
to have produced a non-ageing steel by deoxidising with aluminium 
and titanium. Davenport and Bain,‘” in their excellent and exten- 
sive contribution dealing with this subject, also definitely consider 
that. oxygen is the principal element which causes age-hardening 
after straining. In another remarkably useful paper, Daniloff, 
Mehl and Herty ‘” follow the same line of thought. 

Since deoxidising is considered to be of such importance in 
this connection, it is useful to point out that the relative efficiency 
of the three common deoxidants (aluminium, silicon and manganese) 
diminishes in the order given. 

This has been shown by Herty‘® and Chipman.” From the 
evidence obtained by these two investigators, it is known that only 
very small quantities of active aluminium need be left in the steel, 
in order to bring the amount of active oxides to a negligible quantity. 
Kilender, Cornelius and Kniippel® concluded that nitrogen in- 
creased the sensitivity to ageing; carbon had only a slight effect, 
and oxygen none. 

At the outset of the present investigation it was thought that the 
study of the subject might be simplified by confining it to an examina- 
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tion of specimens which had been subjected to known small degrees 
of cold-work by pure tensile strain. The amount of strain was not 
kept at a constant value for all samples, but in each instance the 
degree of strain was as small as possible. The particular extent of 
this was determined by the nature of the specimen itself; the stress 
was slowly raised to the yield point and then the deformation 
was allowed to proceed to completion at that stress. The object in 
adopting this method of procedure was to study the influence of 
the minimum amount of strain and, thereby, endeavour to obtain 
evidence which might serve to indicate whether the character of the 
deformation which takes place at the yield point in mild steel is 
different from that which normally occurs at higher stresses than the 
yield point. After ageing the strained specimens at the appropriate 
temperature, the usual tensile properties were determined, viz., the 
limit of proportionality, yield point, ultimate breaking load and 
elongation. 

The material used in the earlier stages of the investigation was 
kindly supplied to the authors by Dr. T. Swinden. This consisted 
of two different steels, one of which was from a rimmed steel ingot 
marked R, and another, K, from a killed steel containing a little 
silicon. Dr. Swinden’s analyses of these two steels were as follows : 


Rimmed Steel, R. Killed Steel, X. 


Carbon . : . . : 0-08 0-08 
Manganese ‘ : : ‘ 0-52 0-50 
Silicon : . : , , 0-004 0-08 
Sulphur . , ; , : 0-028 0-038 
Phosphorus 3 : : : 0-020 0-017 
Nickel : ‘ , : : 0-10 0-10 
Chromium ; ; : : 0-02 0-02 
Tungsten . , ‘ : Nil Nil 
Molybdenum. : , . Nil Nil 
Vanadium ; : ; : Nil Nil 
Nitrogen . , 3 : : 0-005 0-005 


These samples were delivered in the form of coils of wire or 
rod 0-25 in. india. Specimens about 8 in. long were cut and roughly 
straightened and assembled in packs of 16. These packs were 
carefully wrapped in thin steel sheet, annealed by heating for 
an hour at 950° C. and then cooled slowly in the furnace. The 
time taken in cooling from 950° C. to about 200° C. was, 
approximately, 14 hr. Each of these pieces was then straight- 
ened in a tensile testing machine by subjecting them to a load of 
0-65 ton; this load produced a permanent stretch of 34%. Finally, 
the pieces were again assembled in packs of 16, wrapped up as before, 
heated to 950° C. for an hour and cooled in the furnace. 


Testing Procedure. 


The diameter of the specimens was measured, and two sets of 
pop marks were made, 2 in. apart. The limit of proportionality and 
the yield point were observed by means of the Cambridge extenso- 
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meter. The rate of increasing the load was kept approximately 
constant and comparatively slow up to the yield point; when this 
was reached, ample time was allowed for the flow at the yield 
point to be thoroughly completed. The load was then taken off, 
and the permanent deformation measured by means of a pair of 
dividers. The specimens were then submitted to the desired 
ageing treatment. Finally, after measuring the diameter again, 
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Fic. 1.—Effect of Temperature on the Strain-Ageing of Rimmed Steel. 


another set of pop marks was carefully made, but this time at every 
inch over a length of 6 in. In testing, the extensometer was again 
used for the determination of the yield point, after which the testing 
was proceeded with for the determination of the ultimate breaking 
load. Thus, the yield point, the magnitude of the deformation 
at the yield point and the ultimate stress and elongation on 2 in. 
and 4 in. were measured. All the calculations of tons per square 
inch have been based upon the diameters of the specimens immedi- 
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ately before the final testing. In practically all instances during this 
early part of the work duplicate tests were made, and the figures 
that have been plotted represent the mean of two very closely 
agreeing tests. 

The results obtained for the rimmed and killed steels, after 
ageing for an hour at various temperatures up to 700° C., have been 
plotted in Figs. 1 and 2, respectively; the corresponding results 
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Fia. 2.—Effect of Temperature on the Strain-Ageing of Killed Steel. 


for the killed steel after ageing for 6 hr. are indicated by crosses 
in Fig: 2. It will be seen from these diagrams that the general 
character of the curves is very similar for both types of steel. It was 
also noted that the shape of the stress-strain curve was very much 
alike for the two steels, especially with regard to the yield point. 
Indeed, when due allowance is made for the fact that the initial 
yield point in the normalised condition is about 1-5 tons higher for 
the killed steel, it may be said that the relative effects of strain-age- 
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hardening upon the yield point are much the same. The curves for 
the yield point both show a rapid rise as the ageing temperature is 
increased to, say, 200° C.; then, very little further influence can be 
observed after ageing between 200° and 400° C. In both instances, 
higher ageing temperatures, up to 700° C., cause a steady decrease in 
the yield-point values, but it will be noticed that in each case ageing 
at 700° C. for an hour still leaves the yield point more than 1 ton per 
sq. in. higher than in the normalised material. The two curves for 
ultimate stress are not quite so strikingly similar as those for the 
yield points, but they are, nevertheless, very much alike. The 
maximum rise in ultimate stress is much the same in each case, 
but this is brought about at a rather lower, and maintained over a 
wider, range of ageing temperatures for the rimmed than for the killed 
steel. Again, apart from one or two slight irregularities, the curves 
for the elongations are much the same for the two kinds of steel. 
The results after ageing the killed steel for 6 hr. (which have been 
incorporated in Fig. 2) call for no special comment. They serve to 
emphasise the fact that after straining to the yield and ageing at, 
say, 250° C., the maximum effects appear to be obtained at the end 
of an hour. This is in accordance with previous workers’ con- 
clusions; accordingly, this ageing temperature and heating for an 
hour were adopted in most of the later experiments which are to be 
discussed in the present paper. 


Ageing at Room Temperature. 


One series of killed-steel specimens was aged at room temperature 
after straining completely through the yield point. The tests were 
made after varying periods, up to one year. The results are plotted 
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Fia. 3.—Effect of Ageing at Room Temperature on Killed Steel. 


in Fig. 3. It will be noticed that, in the case of the yield point, this 
did not reach such a high value, even after a year, as a corresponding 
specimen aged for an hour at 300° C., but that the ultimate strength 


did. 
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Effects of Heavy Degrees of Straining, followed by Ageing. 

For this purpose, another set of specimens, after being normalised 
in the same way as previously described, was strained in the tensile 
machine up to a load of 20-5 tons per sq. in. This produced a 
permanent extension of about 13%; the specimens were then aged 
at various temperatures for an hour and tested to destruction. 
The results obtained, which have been calculated in terms of the 
area of the specimens after the first straining, are plotted in Fig. 4. 
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Fig. 4.—Killed Steel. Specimens loaded to 20-5 tons per sq. in. and annealed 
for 1 hr. at indicated temperatures. Yield point and ultimate strength 
calculated on area after first straining. 





From these it will be seen that the tensile properties without ageing 
were as follows : Yield point, 23-6 tons per sq. in.; ultimate breaking 
load, 24-5 tons per sq. in.; and general elongation (i.e., excluding 
fracture), 11-0%. After ageing for an hour at 50° C., the yield point 
has been raised and becomes coincident with the ultimate stress, 
24-0 tons per sq. in., whilst the permanent general elongation has 
become practically zero. Ageing at 100° C. causes both the yield 
point and the ultimate stress to be raised, but the latter to a greater 
extent than the former, the figures being, respectively, 26-7 and 28-2 
tons per sq. in. The effects of ageing at temperatures between 100° 
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and 250° C. are very much the same; the differences observed are 
within the limits of experimental error. The elongations lie between 
7-5 and 10-0% in all cases. Here, again, it would seem that the 
evidence indicates that, for the study of strain-age-hardening, any 
ageing temperature between 100° and 350° C. might be used without 
much risk of missing any evidence of vital importance. In passing, 
it is of interest to note that the magnitude of the ageing effects after 
this relatively heavy straining, as measured by the increase in the 
yield point, is not so great as when the steel is strained through the 
yield point, or, say, a little over 2-0%. ‘Thus, for example, when 
this steel was strained through the yield and then aged, the yield 
point was raised from 12 to 16-7 tons per sq. in., whereas, after 
straining about 13-0% and ageing, the yield point was only increased 
from 23-6 to a maximum of 26-6 tons per sq. in. 

With regard to the ultimate stress, however, the effects were 
more pronounced after the heavier straining; thus, for example, 
the rise for the lower degree of strain was from 21-8 to 23-0 tons 
per sq. in., whereas, after the heavier straining and ageing, the 
rise was from 24-5 to 28-5 tons per sq. in. 


Influence of the Conditions of Cooling from the 
Normalising Temperature. 


In this series of experiments, the aim was to obtain evidence 
concerning the influence of varying the rate of cooling from the 
normalising temperature, and thus get some indication of the effects 
of different crystal structures upon the strain-ageing phenomena. 
For this purpose, the same killed steel as previously described was 
used. Three sets of experiments were made, viz. : 


(i) The specimens were kept at 950° C. for an hour and then 
removed from the furnace and cooled in air. 

(ii) The specimens were annealed at 950° C. for an hour, 
and the cooling was prolonged by keeping a small current on the 
furnace. 

(iii) The specimens were air-cooled from 950° C., reheated 
to 650° C. for an hour, and then slowly cooled from that 
temperature. 


In each of the above instances, the specimens were annealed 
in packs of three; one of these was subjected to a tensile test 
without any further treatment, whilst the others were first strained 
to the yield, aged at 300° C. and then tested. 

The data for the specimens which were air-cooled are given in 
Table I. Here it will be seen that, in the condition as cooled in 
air, the yield is 13-8 tons per sq. in., the ultimate stress 22-9 tons per 
sq. in., and the general elongation (i.e., excluding the local elongation 
at the fracture) 23-7%. The other two specimens were strained to 
the yield and then aged at 300° C. for an hour, after which they were 
tested. The results are also given in Table I. 
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TABLE I.—Killed Steel. 
Air-cooled from 950° C. 





























Tested in Heat-Treated Condition. Degree of Strain at the Yield Point, 3-0%. 
Elongation. 
Yield Point. Maximum Stress. _ RS 
Tons per sq. in. Tons per sq. in. 
General. %. Ondin. %. 
13-8 22-9 23-7 | 33-9 
After Straining at the Yield Point and Ageing. 
Initial Yield | Yield Point after Hlongstion. 
n : Maximum Stress. 
Point. — Ageing. Tons per sq. in. 
Tons persq.in. | Tons persq. in. General. %. On4din. %, 
13-4 18-7 245 18-0 25-9 
13-9 19-2 24-7 16-0 25-6 























Unfortunately, there was a difference of about 0-5 ton in the 
initial yield point, and similar differences for the corresponding yield, 
after ageing. In each case, however, there was an increase in the 
yield stress of 5-3 tons per sq. in. 

With regard to the effects of ageing upon the ultimate stress and 
elongation, the only satisfactory thing to do is to compare the 
normalised specimen with the aged specimen which gave practically 
the same initial yield. 

The results for specimens that were slowly cooled in the furnace 
are shown in Table IT. 


TABLE II.—Killed Steel. 


Slowly cooled from 950° C. with some current kept on the furnace. 






































Tested in Heat-Treated Condition. Degree of Strain at the Yield Point, 2-5%. 
Elongation. 
Yield Point. Maximum Stress. 
Tons per sq. in, Tons per sq. in. 
General. %. Ondin. %. 
11-6 22-2 28-8 37-0 
After Straining at the Yield Point and Ageing. 
Initial Yield | Yield Point after , Elongation. 
Point. Ageing. Tepe 
Tons persq.in. | Tons per sq. in. ‘gia General. %. | On4in. %. 
11-2 15-6 22-7 =| 155 22-0 
11-8 16-3 23-4 20-3 26-6 
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The third set of results are shown in Table III. These do not 
call for any detailed description, as they lie approximately between 
the other two sets of results. 

TaBLE [II.—Killed Steel. 
Air-cooled from 950° C. and then heated for 1 hr. at 625° C, 





Tested in Heat-Treated Condition. Degree of Strain at the Yield Point, 2-5%. 











| Elongation. | 
Yield Point. | Maximum Stress. — Se Ge eee 
Tons per sq. in. Tons per sq. in. | | ~ | 
| General. %. | On4in. %. 
| 
12-5 | 22-5 | 24-3 | 34-0 


After Straining at the Yield Point and eich 











| a 
is ‘ | | Elongation. 
— Yie seine after | .aximum Stress. |- 6 oe op ee en al 
ot 7D 
Tons per sq. in. | Tons per sq. in. wap: &. General. %. | On4in. %. 

| 

124 86 16-9 23-7 | 18-5 27-4 

12-6 | 17-2 23-6 19-5 30-0 
u 





Repeated Straining and Ageing. 


Here, again, killed steel specimens were used. These were 
originally air-cooled from 950° C. and then strained to the yield point, 
aged for an hour at 300° C., strained again to the new yield point, 
re-aged and then tested to destruction. In another set of experi- 
ments, the straining and ageing treatments were given three times 
before the specimen was finally broken. The plotted curves are 
shown in Fig. 5. The first feature of interest to note about these 
tests is that as a result of the air-cooling after heating to 950° C. 
the initial yield point was a little over 14 tons per sq. in., as com- 
pared with 11-5 tons per sq. in. after furnace-cooling. With this 
increase in the stress at the yield point, the degree of strain which 
occurred (i.e., the magnitude of the deformation) increased to 3:3%, 
as against 2-5°, for the slowly-cooled specimens of the same material, 
see Table II. As will be seen from the curves, it was found that 
hardening occurred after each successive straining and ageing treat- 
ment, but there were indications that the extent of the increase was 
somewhat less with each successive treatment. Another fact which 
is evident from these tests is that the rise in the yield stress after the 
first straining and ageing of the quickly-cooled specimen was 
approximately from 14 tons to 20 tons after strain-age-hardening, 

whereas the corresponding figures for the same steel after slow cooling 
was from 12 tons to 16-5 tons after straining. 
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The marked difference in the degree of strain-age-hardening 
corresponding to a rise of 6 tons in the yield point of the former and 
only 4:5 tons for the latter was difficult to understand at this stage 
of the investigation, but as the work proceeded the additional 
evidence seemed to fall quite naturally into a general scheme which 
simplified the problem. 
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Special Laboratory Casts. 


It was hoped that useful information might be obtained by 
making a number of special casts in the laboratory, containing 
widely differing percentages of oxygen and the minimum quantity 
of all other elements. The procedure followed in making the ex- 
perimental casts was the same as that described by Edwards and 
Jones” in their work for the Committee on the Heterogeneity of 
Steel Ingots. Briefly it was to melt 20 lb. of ingot iron in a high- 
frequency furnace. When this was completely melted, sufficient 
Fe,0, was added to correspond with the saturation limit of oxygen 
in molten iron, and after the removal of slag, the desired amount 
of aluminium that would leave the required amount of oxygen in 
the metal was added. 

The ingots made in this way were sent to Dr. Swinden, who 
kindly arranged to have them forged and hot-rolled down to } in. 
in dia. Unfortunately, it was found that none of the ingots con- 
taining substantial quantities of oxygen and no manganese were 
capable of being forged and rolled; only two of the casts were satis- 
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factorily rolled, and these both contained manganese—they were 


those for which the melting charges were as follows : 


Ingot Iron. Fe,03. Aluminium. Manganese. 
OM0. ° , 20 lb. 63 g. 21 g. 40 g. 
OM1. . : 20 lb. 63 g. 7-5 g. 50 g. 


The analyses were as follows : 


Carbon. Manganese. Phosphorus. Sulphur. 
OMO. . . <0-025% 0-28% <0-01% <0-03% 
OM1. . - <0-025% 0:34% <0-01% <0:03% 


From the authors’ previous work, it is estimated, from synthetic 
considerations, that the ingot OM1 should contain 0-05% of oxygen, 
and OMO0 should contain no more than a trace of that element. 
Hence, in the light of the opinions held by many previous workers, 
it was anticipated that the latter would show little, if any, tendency 
to strain-age-harden, and, in any case, much less than the cast OM1. 
That is, of course, on the assumption that oxygen is the principal 
factor in producing strain-age-hardening. 


Experiments. 


The cross-section of the hot-rolled material was not perfectly 
circular, and, in order to remove the small irregularities, lengths of 
the rod were first carefully pickled and then given several passes 
through the dies on the cold-drawing bench in the laboratory. A 
large number of these lengths were then cut up into suitable pieces 
for tensile testing; they were then normalised, as previously des- 
cribed, straightened (by being subjected to a tensile load of 0-5 ton) 
and again normalised. Eight specimens from each cast were sub- 
jected to a slowly increasing tensile load until the yield point was 
reached, and then the stress was maintained at a constant value 
until no further stretch took place. The straining of one pair 
of these specimens was continued to complete the tensile test. ‘The 
remaining six specimens were then aged at 250° C. Again, one pair 
of these specimens was subjected to the complete tensile test, while 
the remaining four were strained to the new yield and then aged 
at 250°C. This procedure was repeated, and the evidence for the 
influence of repeated straining and ageing for both casts was thus 
obtained. The calculated figures are based on the area immediately 
prior to the final testing. The results are shown in Tables IV. 
and V. 

At a much later stage in the investigation, the authors felt some 
doubt as to the accuracy of the values shown in Tables IV. and V. 
with regard to the amount of deformation that occurred at the yield 
point in the normalised specimens. In view of this, a series of check 
experiments with samples of OM0 were made. The complete results 
are shown in Table VI. 
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TaBLE 1V.—Steel OMO.—Repeated Straining and Age-Hardening. 





























— | Elongati 
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Lengt h of be oom “res. — 

Yield. %.- sq. in. beg! ag General. On 8 in. 
are (| 20 | 89 | 18-63 a ae 
Normalised \| 2-0 9-0 18-65 29-1 31-8 
Once strained atf eA 13-1 19-47 21-7 25-9 

yield and aged 13-2 19-93 23-0 26-2 
Twice strained yer at ah ed * 
aged . . 5- . 
Strained and aged f 18-9 21-56 13-0 17-4 

three times \ 19-1 21-41 9-4 14-2 
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TaBLE V.—Steel OM1.—Repeated Straining and Age-Hardening. 





























| 
| . Elongation. 
Length of Yield Point. — k —_— rerenae uabeeed 
= o Fi Ve Pe . 
Yield. %-| “gq.in.. Tons per | General. | On 8 in. 
| =o %. %. 
Nosmatiogd { 20* | 92 19-4 32-0 35-3 
sme aR 2-0 9-4 19-55 27-9 30-9 
Once strained atf 33 14:1 20-7 23°5 27-8 
yield and aged \ | 14-0 20-6 24-4 28-6 
Twice strained and { | 17-8 22-2 13-5 17-9 
aged \ a 18-0 22-4 15-6 19-8 
Strained and aged || ane 21-1 24-1 12-1 15-7 
three times \ | ans | 21-4 24-4 12-2 15-1 





* These values are believed to be too high. 


TABLE VI.—Steel OM0.—Repeated Straining and Age-Hardening. 
Check Tests. 
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R .. | Maxi | Elongation. 

| tength ot | Yield Point.| Mazrggm | __T T 

| Yield. %. | sq. in. | —— General. On 8 in. 
| pain %: %- 

( 1-75 8-9 18-3 27-1 33-6 

on 1-67 8-62 18-3 28-0 34-9 
Normalised 1 1-69 8-9 ie J 
| 1:78 9-17 ss on an 

After straining at | 1-60 | 12-7 19-45 21-5 28-0 
yield and ageing \| 1-60 - 12-7 19:50 | 21:5 27-8 











_ When due allowance is made for the fact that the sample contain- 
ing a substantial amount of oxygen gave a higher initial yield point 
and maximum breaking stress, there is not much difference between 
' the two kinds of steel after the first and second straining and age- 
1939—i 2A 
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ing, but there is a difference after the third ageing. In the light of 
later work, however, this difference cannot be regarded as being of 
vital importance; the really significant fact is that the steel contain- 
ing very little oxygen definitely shows strain-age-hardening qualities, 
in so far as these are revealed by changes in the yield point, ultimate 
stress and elongations. 


The Influence of Varying Amounts of Initial Strain 
upon the Degree of Hardening after Ageing. 


When this stage of the work was reached, a Lamb’s extensometer 
became available and, in consequence, some of the details of pro- 
cedure were modified in order to make use of it. 

Specimens 13 in. long were used, and the opportunity was taken 
to mark them off for 8 in. for the purpose of measuring the amount 
of extension at the yield point and the general and total elongations. 
The steel used in this series of experiments was that which has already 
been described as killed steel. Since it was found that an initial 
normalising treatment was unnecessary, the specimens were 
straightened by applying a load of a little over 1 ton. They were 
then normalised in packs of 16. 

In this series of experiments an effort was made to strain duplicate 
samples to the following degrees of permanent extensions, viz., 2-0, 
4:5, 9, 13, and 18%. This attempt was not completely successful, 
but the deviations from the figures aimed at were small and do not 
mitigate against their being regarded as duplicate samples. 


TaBLE VII.—Killed Steel. Influence of Varying Degrees of Strain- 
ing followed by Ageing at 250°C. for 1 hr. upon the Tensile 








Properties. 
ieee. | oo | Ear art 
Condition. Tons per Seon pee ; 
sq. in. sq. in. General. sa” daa 
As normalised : ‘ 11-6 21-4 24-75 30-8 
Degree of strain before 
ageing. %. 
2-30 16:1 22-8 19-8 23-8 
2-30 16-2 22-9 22-25 26-0 
4-5 20:3 24-1 14-4 18-3 
4:75 20-0 24-2 16-6 20-6 
9-25 24-0 26-7 10-1 12:1 
9-25 24-0 26-7 10-1 an 
13-5 26-1 27-9 10-0 12-7 
13-5 26-2 28-1 8-75 Sa 
18-0 28-0 29-7 8-4 10-7 
18-5 28-5 30-0 5:75 7-9 
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All the strained samples were then aged for an hour at 250° C. 
and afterwards tested for the usual tensile properties. Needless to 
say, the figures referred to have been calculated on the basis and 
expressed in terms of the areas of the specimens immediately prior 
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Fic. 6.—Effect of Varying Initial Strain on the Strain-Ageing of Killed 
Steel. 


to the final testing. The results are given in Table VII., and they 
are plotted collectively against the corresponding amount of cold- 
work, i.e., the percentage elongation to which the respective speci- 
mens were subjected prior to the ageing treatment, see Fig. 6. 
Turning to a consideration of Fig. 6, in which the effects of 
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varying degrees of strain, &c., are clearly illustrated, it will be seen 
that the following general conclusions can be drawn : 


(a) The effect of progressively increasing amounts of strain 
followed by ageing is to cause continuous increases in both the 
yield and the ultimate stresses. ‘This is more pronounced with 
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Fia. 6(a).—Effect of Varying Initial Strain on the Strain-Ageing of Killed 
Steel; enlarged drawing of part of Fig. 6. 


the former than the latter, and, by extrapolation, it is difficult 
to resist the conclusion that the two curves would meet at a 
stress of about 32 tons per sq. in. for a specimen which had been 
strained to approximately 24%, followed by ageing. This can 
be more clearly seen in Fig. 6(a). 
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(b) It is interesting to note that the influence of straining 
at the yield point (the first 2-30°% followed by ageing) is some- 
what greater than for higher degrees of strain. Thus, for 
example, the first rise in the yield point is 4-5 tons per sq. in., 
but after straining, say, more than 4-0% the increase in the yield 
point above the stress to which the specimens were previously 
loaded in producing the strain remains approximately constant 
at 3-0 tons per sq. in. 

(c) As might be expected, it will be seen from Fig. 6 that the 
elongations decrease with increasing degree of straining prior 
toageing. Apart from a slight deviation in the case of specimens 
strained to 13-5%, the results fall on a smooth curve. 


At this stage, it was thought that it might prove interesting to 
compare results obtained in the manner just described with the 
corresponding changes in the mechanical properties after repeatedly 
straining to the yield point followed by ageing after each straining. 
For various reasons it was decided to use another steel for this 
purpose. This was originally given to the authors by Dr. Swinden ; 
its composition will be found in Table VIII. as sample No. 1. It 
was forged down to approximately } in. in dia. and then cold-drawn 
to }1 in. india. It was, however, first necessary to obtain the data 


TaBLE VIII.—Analysis of Steel Samples. 









































a | a | ] = 
No. | Carbon. Silicon. Sulphur. ee. } Cheeta. | Vanadium 
|  %- %- %- % %- %: %: 
1 | 0-14 Trace 0-052 0-021 0-29 0-145 
2 0-07 0-238 0-041 0-017 0-30 aoe 
3 0-30 re aes “ee és | 
4 0-43 | | 
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TABLE 1X.—Steel No. 1. Influence of Varying Degrees of Strain 
followed by Ageing at 250° C. for 1 hr. upon Tensile Properties. 














a | , : 
egree of Strai | | Elongation. 
cee | _ Yield Point. | Ultimate Stress. | ___ pemee | Reta a 
és geing. Tons per sq.in. | ‘Tons per sq. in. | é ca Nl i Ss 
o- | General. %. | On 8in. %. 
None | 122 | 227 | 220 | 272 
2-2 17-8 24-1 | 17-0 20-8 
5-0 21-4 | 26-1 | 12-3 15-7 
10-2 25-7 29-0 8-8 11-9 
15-2 28-1 30:1 | 6°5 9-2 
20-8 | 30-0 32:1 | 6-5 8-7 
! 





for this steel, showing the effect of varying degrees of initial de- 
formation followed by a single ageing at 250°C. Accordingly, six 
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samples, 12 in. long, were normalised by heating to 950° C. in an 
atmosphere of nitrogen followed by slow-cooling in the furnace; 
five of these were strained in the tensile machine to approximately 
the following degrees of permanent strain, viz., 2-0, 5-0, 10-0, 15-0, t 
and 20-0%, and then aged at 250°C. for an hour. These were 
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Fia. 7.—Steel No. 1. Influence of varying amounts of strain before ageing. 


then tested in the usual manner, and the results are given in Table 
! IX. and depicted graphically in Fig.7. These need not be considered 
at the moment, because the chief object in making these tests was 
for the purpose of making a comparison with the next series of 
observations on the same steel. 
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Effects of Repeated Straining to the Yield Point 
and Ageing after each Straining. 
For this purpose, another six samples were normalised in exactly 
the same way as those just referred to. 
In this series, one specimen was strained through the yield, &c., 
and up to the breaking load ; another was strained to the yield, aged 
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Fia. 8.—Steel No. 1. Repeated strain-age-hardening. 


and tested to destruction; the third sample was strained and aged 
twice and then broken. Each successive sample was strained and 
aged once more than the one preceding; in this way it was hoped 
to obtain a complete picture of the progressive alterations in the 
mechanical properties up to the stage when the yield point coincided 
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with the ultimate stress. The initial yield points of the various 
specimens varied between 12-2 and 12-7 tons, and therefore the 
results cannot be completely co-ordinated. The results are graphic- 
ally illustrated in Fig. 8. Here it will be noticed that with each 
successive straining and ageing the yield point and maximum stress 
are more or less progressively raised, the former at a more rapid 
rate than the latter; they become coincident and the specimen breaks 
at a stress of 33-3 tons per sq. in. after the various yield strains total 
up to a permanent elongation of less than 12%. Both curves show 
a little deviation from single smooth curves, at a point corresponding 
to a total strain of 6-0%. 

The authors are unable to say whether these deviations are of 
any real significance, but it is interesting to note that, so far as 
the yield points are concerned, they appear to have been confirmed 
by a few additional tests which have been included on the curve. 


Relation of the Primary and Secondary Yield Points 
after Strain-Ageing. 

By this time it was observed that the accumulated evidence 
appeared to indicate that there was some kind of intimate relation- 
ship between the yield point of normalised specimens and that 
obtained by first stressing such specimens to complete the strain 
at the yield point followed by ageing at 250° C. 

It was therefore decided to extend the range of observations to 
steels possessing both higher and lower initial yield points than those 
examined up to the present. The first step in this direction was 
made by examining steels Nos. 1 and 2, and later, Nos. 3 and 4 
(see Table VIII.), which were kindly presented to the authors by 
Dr. Swinden. 

The specimens of the first steel in this list were slowly cooled in 
the furnace from 950° C. One of these was tested in the normalised 
condition; it gave a clearly defined yield point at 13-4 tons per sq. 
in., and at that stress the permanent strain was 2-9%. The second 
sample, after straining 2-9° and ageing for an hour at 250° C., gave 
a yield point of 18-8 tons per sq. in. Another set of specimens, 
which were normalised along with a number of other samples and 
possibly cooled at a rather slower rate over the higher ranges of 
temperature, gave the results recorded in Table X. 


TABLE X.—WSteel No. 1. 


























= Elongation. 
Strain at | Yield Point. t Pang samedi’ 
Condition. Yield Point.} Tons per Tr vy 
%. sq. in. sag i General. On 8 in. 
sq. in. %, ° 
Ge | be 
As normalised . 2-2 12-2 22-7 22-0 27-2 
After straining at 
yield and ageing . 2-6 17:8 24-1 17-0 20-8 
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The same steel, after being heated in a sealed evacuated silica 


tube and then quickly cooled by withdrawing the tube from the fur- 
nace, gave the tensile values shown in Table XI. 


TABLE XI.—~Steel No. 1. 





























wax? Elongation. 
Strain at | Yield Point.| * a = — ee 
Condition. Yield Point.| ‘Tons per Tata Dee 
%. sq. in. Seg General. On 8 in. 
sq.in. of oy 
o* | /o* 
As normalised 3:7 17-5 25-5 17-7 
After straining at 
yield and ageing . 3-2 24-3 28-7 14-1 





A sample of steel No. 2, which contained an appreciable quantity 
of silicon, was forged down from a 1-in. round bar to } in. in dia. 
and then cold-drawn to }} in. Two lengths of this were then heated 
to 1000° C. for an hour and slowly cooled in the furnace to the 
ordinary temperature. One of these samples was tested for tensile 
properties up to the breaking load, while the other was first put 
under a tensile load equal to the yield point, and after allowing ample 
time for the strain to become complete, it was aged for an hour at 
250° C. and then tested. The results are given in Table XII. 


TaBLE XII.—Steel: No. 2. 














. Elongation. 
Yield Point.| Strain at — iat 
Condition. Tons per | Yield Point.| 7, cipede 
8q. in. %. dat vig General. On 8 in. 
sq. in. o/ o% 
/O* o* 

After normalising . 12-6 2-4 22-5 24-7 29-5 
After straining at 

yield and ageing . 17-77 2-25 24-43 15-0 18-6 























The experimental evidence obtained from the two steels just 
referred to is particularly interesting from two or three angles. 
First, one cannot help regarding it as a substantial step in the 
direction of diminishing the confidence in the view that the presence 
of oxygen is the root cause of strain-age-hardening. 

_ The authors do not venture to claim that the silicon steel con- 
tained no oxygen; but, in the presence of such a notable quantity 
as 238%, of silicon, it must be acknowledged that it is not likely to 
contain much, if any, oxygen. In any case, there can be no doubt 
that it must contain considerably less than either of the samples 
described as rimmed and killed earlier in this paper. Nevertheless, 
the above figures indicate that this steel, containing appreciable 
quantities of silicon, age-hardened to approximately the same 
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relative extent, after straining, as any of the steels which have go 
far been examined. This is certainly true as regards the yield stress, 
for after straining and ageing there was an increase of 5-17 tons 
per sq. in. in this value. Further, it will be noticed that there was 
also an increase of 1-83 tons per sq. in. in the ultimate stress, 
Another significant feature is that, in spite of the low percentage of 
carbon (0-07% in sample No. 2, as compared with 0-14% in sample 
No. 1, referred to above), the yield stress of the former is a little 
higher than that of the latter after the same normalising treatment. 
This is mentioned because the age-hardening capacity is practically 
the same in each case. Hence, it may be concluded that, within 
these limits of carbon content, carbon cannot be regarded as an 
element of great importance in strain-age-hardening when the ageing 
is carried out at 250° C. 

Another feature which should be referred to here, though it will 
be discussed at greater length later, is that the average strain that 
occurred at the original yield stress was 2-40%; this figure seems 
to be in accord with the stress at which it took place. 

Steels No. 3 and 4 contained, respectively, 0-30 and 0-43% of 
carbon, and in view of this they could not be expected to give the 
same kind of direct quantitative results as regards strain-ageing as 
those containing very much more ferrite. Nevertheless, they were 
included as a matter of general interest and for purposes of com- 
parison with low-carbon steels. In both instances, they were ex- 
amined after heating to and slowly cooling from 950° C. The results 
obtained with the 0-30% carbon steel are given in Table XIII. 


TABLE XIII.—Steel No. 3. 





























. Elongation. 
Yield Point, | Ultimate 
Condition. Tons per Tons per “3s 
sq. in. sq. in, — Se 
As annealed . : ; ; 17-8 33-8 18-3 20-9 
After straining at yield and 
ageing ‘ . . ; 23-1 34-0 * 10-7 





* Broke in the jaws. 


It will be noticed that, whilst the yield point has been sub- 
stantially raised after straining and ageing, the increase is not so 
great as that of the quickly cooled specimen of steel No. 1, which 
had approximately the same initial yield point. If, however, it 
is assumed that the ageing is entirely due to the hardening of the 
massive ferrite, then the rise in the yield point from 17-9 to 23-1 
tons per sq. in. is comparable with what has been observed for the 
other specimens. Thus, for example, when allowance is made for 
the fact that about one-third of the volume of steel No. 3 is occupied 
by areas of pearlite, the observed degree of age-hardening is of the 
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same order as that of steel No. 1 after quick cooling. Steel No. 4 
gave a more or less progressive yield between 20 and 20-8 tons per 
sq. in.; further, it was particularly noticeable from the extensometer 
readings that the yield was intermittent in character. The yield 
point after ageing was quite distinct and at a constant stress of 
26:3 tons per sq.in. This increase in the yield stress after straining 
at the yield point and ageing is relatively smaller than that in other 
samples, but the reason for this is, no doubt, again to be found on 
the basis that such a large proportion of the specimen consists of 
pearlite. 
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All the results obtained up to the present, as well as those ob- 
tained in later determinations relating to the effect of straining 
at the yield stress and ageing, have been inserted in Fig. 9, where 
the initial yield points are plotted against the corresponding values 
after ageing. Here it will be noticed that all the observations lie 
upon, or extremely close to, a perfectly straight line. The approxim- 
ate factor for this line is 1-4; that is to say, the degree of age-harden- 
ing, as measured by the increase in the yield point, can be estimated 
as follows : 

Initial yield stress x 1-4 = New yield stress. 
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This expression is only intended to be applicable to specimens which 
have been heated to and cooled from, say, 950° C., or above the upper 
critical temperature on heating. At the same time, it should be 
noted that it seems to be true even when the rate of cooling from 
the above-mentioned temperatures is varied within very wide limits. 
These facts seem to be of some importance, for they would appear 
to lead to the conclusion that this particular measure of age-harden- 
ing (t.e., the change of yield stress) is, in some way, directly 
associated with the original yield stress itself; further, if still more 
extensive and carefully planned experiments confirm the above 
indications, it would be difficult to see how strain-age-hardening can 
be regarded as being due to the presence of oxygen or any other 
specific element in steel. In other words, whilst oxygen might still 
be regarded as an element which can contribute to the amount of 
strain-age-hardening by raising the yield stress of normalised 
specimens of steel, it is certainly not the only element which acts in 
this way, and therefore cannot be regarded as one which plays a 
dominant role in this particular kind of strain-age-hardening. These 
observations are intended to apply only when the ageing has been 
carried out at, or about, 250° C. ; it is still possible that oxygen might 
increase the rate at which strain-age-hardening develops at tempera- 
tures between 0° and 250° C. 

Having arrived at this stage, it was thought desirable to examine 
the influence of oxygen in greater detail, and it was decided to make 
an effort to determine whether oxygen can be considered to have 
any really important influence. In this connection, it was recognised 
that many insurmountable difficulties would be encountered if an 
attempt were made to study directly the quantitative influence of 
oxygen, and that a much more promising line of approach would 
be to attempt to eliminate that element altogether. 

The first step in this direction was made by using the material 
that had been rolled from the laboratory-made ingot OM0. This 
contained in the original ingot less than 0-025% of carbon and 0-28% 
of manganese, and, judging from previous work, the authors estimate 
that it contained very little active oxygen. When, however, it is 
remembered that the ingot was subjected to forging and hot-rolling 
treatments, it must be recognised that there were opportunities for 
oxygen pick-up during these operations. However, it was antici- 
pated that difficulties of this kind might be removed by subsequent 
treatment. 

Before proceeding to the description of the experimental pro- 
cedure for the removal of any oxygen that might be present and, 
incidentally, the small percentage of carbon (0-025%), it should be 
noted that the specimens of the hot-rolled material after normalising 
at 950°C. gave a clearly defined yield point with a permanent 
strain of about 20%. The exact yield stress obtained varied some- 
what, depending upon the rate of cooling from 950° C. 

Samples of the hot-rolled rod were carefully pickled to remove the 
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scale, &c., and these were normalised and cold-drawn down to 31 in. 
in dia. Some of these were then heated in an atmosphere of moist 
hydrogen for eight days, and others for three weeks, at a temperature 
of 950° C. 

Whilst the authors are not in a position to give analytical figures 
for the oxygen content, they believe that the above-mentioned 
treatment ought to be sufficient to remove any small trace of that 




















10 a a a ee | ae TT 
9 sell 7 
et c - i 
7 4 
£ 6} 4 
& 4 
. 5 r 
s A: Decarburised Specimen . 
Pe 8: Decarburised, Normalised in Nitrogen 7 
c and taken to Yield Point. | 
es C: B. Aged at 250°C. for / Hr, in Nitrogen. 5 
2 Decerburised for 1 Week, 4 
/ 
i] 1 





a | r 1 | 1 1 ea 1 1 J 1 a Cee | 1 
0 Of 02 03 04 05 0607 08 O09 10 tH 12:43 «14 «15 +16 17 1819 20 21 22 
Extension. % 


Fia. 10.—Stress-Strain Curves of Decarburised Iron. 
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Fia. 11.—Stress-Strain Curves of Untreated Decarburised Iron. 


element contained in the samples. Further, considering the small 
diameter of the specimens and the temperature and length of time 
of the treatment, the authors feel that the carbon must also have been 
reduced to the lowest possible limits. Some of the stress-strain 
curves obtained with these samples after various heat treatments 
are shown in Figs. 10 to 14. These results may be considered 
collectively, as follows : 


(1) The specimens, after this treatment, were obviously 
coarsely crystalline; there was no clearly defined yield point, 
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but the limit of proportionality was, say, 3-5 tons per sq. in. 
With the application of increasing stress there was a progressive 
increase in the degree of strain between 3-5 and 4-5 tons, and 
a greater increase of strain was produced with increasing stress. 
At a load of 5-5 tons per sq. in. and a permanent strain of 
0-75% there was a change in the direction of the curve. For 
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Fic. 12.—Stress-Strain Curves of Decarburised Iron. 
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Fia. 13.—Stress-Strain Curves of Decarburised Iron. 


reasons which will be discussed later, the authors regard the 
changes that are taking place between the stresses of 3-5 and 
5-5 tons per sq. in. as a combination of the characteristics of 
what occurs at the yield point in a normal specimen of mild 
steel and that which takes place during deformation above the 
yield point. Hence, they consider that it would be more 
appropriate to describe it as the yield range, being the nearest 
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approach to a yield point that can be attained in specimens of 
this kind, i.e., those containing large crystals of ferrite. 

(2) In various ways, #.e., by modifying the heat treatment 
or by a combination of mechanical and heat treatment, it was 
possible to raise the yield range to a figure as high as 7:5 tons 
per sq. in. without running any risk of the specimens becoming 
contaminated by oxygen or carbon. 
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Fic. 14.—Stress-Strain Curves of Decarburised Iron. 


(3) In all instances, no matter what the initial yield range 
was, 1.€., between 3-5 and 7-5 tons per sq. in., straining and 
ageing caused hardening, as measured by the new yield point. 
Further, the degree of age-hardening, as determined by the 
effect upon the yield point, appears to be proportional to the 
stress at which the initial yield takes place in specimens which 
have been cooled from above 950° C. Asa very close approxim- 
ation, it can be said that the effect of straining at the yield point 
followed by ageing at 250° C. can be expressed as follows : 

Initial yield point (in tons per sq. in.) x 1-4 = New yield point (in 
tons per sq. in.). 

Having accumulated so much evidence which appeared to in- 
dicate the negative effects of oxygen with regard to strain-age- 
hardening, it was considered desirable to make a special cast contain- 
ing an appreciable amount of aluminium. Needless to say, the 
object was to ensure the removal of the last trace of oxygen. Since, 
however, the only aim was to make a control test with regard to 
oxygen, some carbon and manganese were intentionally introduced 
for the express purpose of obtaining a specimen which would possess 
a more clearly defined yield point in the normalised state than would 
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be the case if practically no carbon was present. The cast was made 
in much the same way as already described for cast OMO, &c., with 
the exception that no oxide of iron was added to the charge. The 
composition of the ingot was as follows: Carbon 0-098%, manganese 
0-76%, and aluminium 0-48%. A portion of this ingot was hot- 
forged down to } in. in dia., and this was then roughly turned in the 
lathe to remove all surface oxide and about ,', in. of metal immedi- 
ately below the surface. This was then drawn down to }+ in. in 
dia. One pair of specimens was sealed in an evacuated silica tube, 
heated to 1050° C. and quickly cooled by withdrawal from the 
furnace; a second was slowly cooled in the furnace, after heating 
to 1050° C. in an atmosphere of carefully purified nitrogen for 1 hr., 
whilst a third was heated to between 1000° and 1100° C. for 20 hr., 
followed by slow cooling from that range of temperature. One 
specimen from each of these pairs was strained to the yield point, and 
after ageing at 250° C. was tested to destruction; the others were 
tested for tensile properties, without being strained and aged. The 
results obtained are given in Table XIV. 


TABLE XIV.—Aluminium Steel. 









































Strain at| Yield |Maximum Elongation. 
, sas Yield Point. Stress. |— ———— 
Condition. Point. | Tons per | Tons per Ge 1 yn 8i 
%. sq. in. sq. in. penere -| nS in, 
/or /o* 
A.—Heated in vacuo) As normalised F 2-75 18-27 26-5 22-86 28-9 
at 1050° C., quick- > Strained at yield anc 
ly cooled aged at 250°C. . 2-33 23-98 28-87 15:1 17-2 
B. Heated in nitro-) As normalised F 1-90 13-2 23-55 25-64 29-5 
gen at 1050° C., > Strained at yield and 
slowly cooled aged at 250°C. . 1:67 17-75 24-9 20-0 23-7 
C. Heated for 20) As normalised . 1-63 13-63 
hr. at 1100° O., > Strained at yield and 
slowly cooled aged at 250°C. . 1-42 18-42 26-3 18-9 21-9 
D.—Heated in vacuo) As normalised ‘ 2-0 13-4 23-9 22-5 26-7 
at 1050° C.,slowly > Strained at yield and 
cooled aged at 250° C. . 1-42 17-7 24-75 22-2 24:8 
| 








When the specimens which had been heated to 1050° C. for 1 hr. 
and between 1000° and 1100° C. for 20 hr., respectively, in an-atmo- 
sphere of nitrogen were examined under the microscope, it was found 
that there were indications that a surface change had taken place. 
This was very pronounced in the case of the specimen submitted to 
the 20-hr. treatment, and just detectable in those heated for an 
hour and slowly cooled. Whilst it has not been tested, the authors 
believe that this change is due to the absorption of nitrogen. In 
view of this, it was considered desirable to repeat the experiments 
for the 1-hr. heating and slow cooling, and to eliminate the possibility 
of nitrogen contamination by sealing the specimens in an evacuated 
silica tube. Accordingly this was done and the results are given in 
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Table XIV. (D). Comparing these figures with those in part B of that 
Table, it is evident that heating in nitrogen for an hour at 1050° C. 
has no noticeable influence as compared with the same heat treat- 
ment in a vacuum. From all these results it is clear that a steel 
containing no oxygen displays much the same capacity to strain- 
age-harden as the other specimens so far examined; this applies 
both to the yield stress and to the ultimate breaking load. 

The statement that ‘‘ this steel displays much the same capacity 
to age-harden as others ” is made advisedly, in spite of the fact that 
the magnitude of the hardening is not quite enough to comply with 
the relationship : 


Initial yield point x 1-4 = yield point after ageing. 


The factor for the aluminium steel is a little above 1-3. 

The authors are inclined to think the most probable explanation 
of this difference is that this steel contains much more manganese 
than any of the others examined, and, in consequence, (a) the 
ferrite will be somewhat different, and (6) the pearlite areas will 
occupy a larger volume for the particular percentage of carbon 
present than would otherwise be the case. Hence, the proportion 
of ferrite taking part in the strain-age-hardening will be smaller, 
and, therefore, the hardening will be correspondingly less. It is im- 
possible at present to estimate the effects of a substantial change in 
the composition of the ferrite. 

The prolonged heating at the high temperature was given in the 
hope of obtaining a coarsely crystalline structure and a low initial 
yield point. As will be seen, however, the results do not fall into 
line with this idea, but the failure is, no doubt, partly due to the 
disturbing effects of the nitrogen atmosphere and long heating at 
the high temperature. 


The Effects of Straining at the Yield Point, followed by Ageing 
at 250° C. upon the Modified Yield Point. 


All the experimental figures obtained relating to the effects of 
straining at the yield stress followed by ageing at 250° C. upon the 
i yield stress have been collected in Table XV. and plotted in 

‘ig. 9. 


The Yield Point in Metals. 


It has long been known that the number of crystals per unit area, 
or volume, in a given metal has a pronounced influence upon the 
mechanical properties of the mass. Many experimental researches 
have been carried out with the object of placing this generally 
recognised fact upon a quantitative basis. These have ranged from 
a study of the properties of single crystals to that of corresponding 
polycrystalline specimens containing crystals of widely varying sizes. 

1939—i 2B 
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TaBLE XV.—Effects of Straining at the Yield Stress followed 
by Ageing at 250° C. upon the New Yield Stress. 

















Totti) Wised Dale Yield te after Strain- 
nitia: . i t the Yiel ‘ 
Sample. Tons i sq. ny a at seo 800° Oe 
Tons per sq. in. 
OMO0. Decarburised and treated 4-2 55 
in various ways 4-4 5-9 
5-5 7-4 
5-7 8-0 
5-9 8-1 
61 9-1 
75 10-2 
OMO0. Not decarburised but nor- 8-9 12-7 
malised 8-9 13-1 
9-0 13-2 
9-17 12-7 
OM1. Normalised 9-2 14-1 
9-4 14-0 
Rimmed Steel. Normalised 10-6 14-9 
10-6 15-1 
Killed Steel : 
Treated in various ways 11-1 15-6 
11-6 16-2 
11-8 16-3 
12-0 16-7 
12-4 16-9 
12-6 17-2 
13-9 19-1 
14-1 19-8 
14-1 20-0 
Quickly cooled 16-6 23-4 
Steel 2. Cooled from 1000° C. 12-6 17-8 
Steel 1: 
Slowly cooled from 950° C. 13-4 18-8 
Quickly cooled from 950° C. 17-4 24:3 
Special aluminium steel : 
Slowly cooled from 950° C._—- 13-2 17-75 
: 13-4 17-7 
Quickly cooled from 950° C. 18-3 24-0 








From the point of view of those interested in the physical and 
mechanical properties of metals it would be difficult to over-estimate 
the value of these investigations, for they have greatly increased our 
knowledge of how and why these properties change with various 
modifications in the treatment to which they are, or may be, 
subjected. There is no theoretical conception of this problem which 
has stimulated more new thought and work than that of the 
“amorphous cement” theory, which was first advanced by 
Rosenhain and Ewen. °” 

For the purpose of discussing the details of the present investiga- 
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tion, the authors consider that the crystal boundary influence can 
be defined as follows : 


The strengthening effect of crystal boundaries is partly due 
to the varying tendency of the different crystals within a 
polycrystalline mass to slip in different directions, and for these 
tendencies to interfere with each other. Then, further, the 
boundaries have a greater resistance to slip than the crystals 
themselves, because there is already some considerable atomic 
distortion from the normal crystal lattice at and near the crystal 
boundaries. 


Now, it has been found that all the experimental data obtained 
concerning the effects of strain-age-hardening upon the yield point 
show that there is a direct relationship between the initial yield stress 
of normalised specimens and that obtained after ageing. Since this 
relationship applies to all the steels examined, and these cover a wide 
range of composition having an initial yield stress of anything be- 
tween 3-5 tons and 17-0 tons per sq. in., it is evident that strain- 
ageing cannot be attributed to the influence of any specific element. 
It is a quality which is shared by most elements that are to be found 
in steel, but their capacity, in this respect, depends upon the extent 
to which they change the yield stress of the metal. Hence, this 
particular form of age-hardening must be regarded as being in some 
way associated with whatever is the cause of the characteristic 
features of the yield point itself (7.e., as regards the stress at which it 
takes place), the magnitude of the strain which occurs and possibly 
the character of the deformation which is produced. Speaking in 
quite a general qualitative sense, it can be said that it has long been 
known that the yield stress of a given steel can be made to vary, to 
a wide extent, by any treatment which causes the crystals to change 
in size. Further, Winlock and Leiter “ have recently shown that 
the yield point of a very low-carbon mild steel can be raised to above 
19-1 tons per sq. in. when the stress is rapidly applied; at the same 
time the strain which then occurs at the yield is as much as 13-0%,. 
Nevertheless, it would be wrong to conclude that the yield-point 
phenomena are, therefore, purely artificial and of little or no signifi- 
cance from a physical point of view. With slow rates of loading the 
yield point of annealed steel is a normal occurrence and worthy of 
theoretical consideration. 

In the present work practically all the specimens with yield stresses 
above, say, 9 tons per sq. in. display clearly defined yield points with 
practically no deviation from a straight-line relationship of stress 
to strain until the yield sets in; that is to say, the limit of propor- 
tionality coincides with the yield. Hence, with specimens of this 
kind no special comment is called for concerning the observations 
that have been made with regard to the amount of strain that took 
place at the yield point. The position is, however, very different 
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for those specimens which yield at lower stresses. In these instances 
the limit of proportionality was reached at a stress much below that 
at which a pronounced yield at a constant load became evident; 
indeed, some of the specimens containing very low percentages of 
carbon and large crystals, &c., gave no indication of a clear step on 
the stress-strain curve. There was simply a progressive yield over 
a range of stresses, and even when this was completed, the total 
amount of permanent strain was small. From these, and other, 
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considerations the authors believe that in making comparisons of 
the amount of strain that takes place at the yield in various speci- 
mens the most satisfactory method is to measure the total amount 
of permanent strain between the limit of proportionality and the 
end of the yield, or the point at which there is a definite break on 
the stress-strain curve. This is what has been done; the results 
obtained have been assembled together graphically in Fig. 15, where 
the percentage strain has been plotted against the corresponding 
yield stress of the specimen. In those cases in which the strain took 
place over a range of stress, the upper limit (i.e., the point where 
there was a marked change in the direction of the stress-strain 
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curve) was taken as the appropriate yield stress. In addition to the 
results obtained in the present work, a number of similar data were 
procurable from the paper by Edwards and Pfeil. a@ Tt should be 
mentioned that the line in Fig. 15 has been drawn on the assumption 
that the experimental errors are more likely to give low values for 
the amount of strain that is produced at the yield point. The 
relationship of the yield stress to the strain, as indicated by the 
line in Fig. 15, can be expressed as follows : 
Yield point stress = 3-5 (percentage strain + 1). 

In discussing a problem of a very similar kind to the one under 

review, Winlock and Leiter ‘® have pointed out that the stress-strain 


diagram of a specimen consisting of polycrystalline ferrite (apart 
from the effects of crystal boundaries) can be illustrated by curve 
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Fia. 16. Fia. 17. 


abed, Fig. 16; the section abc can be changed to, say, a’b’c’ either 
by increasing the speed of loading or by an alteration in the size of 
the crystals. When, however, this occurs by a change of crystal size, 
it is accompanied by a corresponding alteration in the main body of 
the curve cd. ‘Two hypothetical stress-strain curves of the same 
steel with differing crystal sizes are shown in Fig. 17, and from these 
it will be noticed that the effect upon the yield stress is relatively 
more pronounced than upon the ultimate stress. 

From considerations of this kind it follows that the magnitude 
of the yield strain must necessarily increase as the yield stress is 
raised, by the ferrite crystals becoming smaller. Needless to say, 
if the above line of reasoning is approximately true, then it ought to 
be possible to get some kind of correlation between the properties 
which have been discussed—that is to say, between the yield stress, 
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strain-age-hardening, the extent of the deformation that occurs at 
the yield, and the size of the crystals in the specimens tested. As 
a first step in this direction, the experimental data contained in the 
paper by Edwards and Pfeil‘? have been examined. ‘The upper 
limits of the yield points have been estimated from the published 
curves and plotted against the corresponding number of crystals 
per linear millimeter. These are shown in Fig. 18, where all the 
results obtained for specimens which were cooled from above the 
A, critical change have been included. The results contained in the 
present investigation are given in Table XVI., and these have been 
plotted in Fig. 19. From Figs. 18 and 19 it will be noticed that there 
appears to be a straight-line relationship between the yield stress 
and crystal size for all specimens with yield stresses up to, say, 14 
tons per sq. in. Whilst the evidence available for specimens possess- 
ing higher yield stresses is limited to three observations, it certainly 
indicates that there is a marked tendency to depart from the above- 
mentioned straight lines. 


TaBLE XVI.—Crystal Size. 



































On Print 10 x 10 cm, On 
dinant Specimen. 
—— — Magni- | Grains of 

No. Description. Cooling. | por. | Pearl- | Total. | ication.| Ferrite 
rite ite per Linear 
P P Millimetre. 
SBO Decarburised 3 weeks Furnace | 100 éan 100 50 5-0 
SAO Decarburised 1 week Furnace | 308 oes 308 50 8-8 
SA2 | Decarburised 1 week (norm, | Furnace 70 ne 70 150 12-6 
950° CO. 2 hr.) 
SB4 Decarburised 3 weeks (heated | Quick 305 va 305 50 8-7 
950-850° C. 3 times) 
SB6 Decarburised 3 weeks (drawn | Quick 115 ses 115 150 16-1 
ys in., norm. 10 min. 
1000° ©.) 
OM1 | Lab.-cast (norm. 950° C.) Furnace | 196 eee 196 150 21-0 
OMO Lab.-cast, low oxygen (norm. | Furnace | 225 oes 225 150 22-5 
950° C.) 
R Rimmed (norm. 950° C.) Furnace | 355 15 370 150 28-9 
K Killed (norm. 950° C.) Furnace | 410 30 440 150 31°5 
SF2 Steel No. 2 (norm. 1000° C.) Furnace | 509 10 519 150 34-2 
SN7 | Aluminium steel (norm. 950° C. | Furnace | 529 41 570 150 35:8 
sealed tube) 
SD1 | Steel No. 1 (norm. 950° 0.) Furnace | 561 30 591 150 36-5 
SN4 | Aluminium steel (norm. 1050° | Furnace | 580 50 630 150 37-7 
0.) 
SN1 — steel (norm. 1050° | Quick 252 25 277 400 66-5 
SH2 | Steel No. 1 (norm. 950° C.) Quick 334 16 350 400 74:8 
KQ2 | Killed (norm. 950° C.) Quick 333 20 353 400 75:2 
SB Decarburised 3 weeks (drawn 
te in., annealed 625° 0. 
hr.) : 
Longitudinal ooo 295 vee 295 150 25-8 
Transverse ooo 350 eee 350 150 28-3 











On comparing Figs. 18 and 19 it will be found that the slopes of 
the two lines are different. The authors are not in a position to 
offer a reliable explanation of this. It might be traceable to the fact 
that the data contained in Fig. 18 relate to specimens from which 
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all the carbon had been removed, whereas in Fig. 19 only those 
specimens containing less than 16 crystals per linear millimeter had 
been so treated. 

Still another variable which might have a bearing upon those 
two sets of results is the marked difference in the shape of the 
specimens used in the two series of experiments, and the possible 
effects of the influence of the ratio of the surface to the cross-sectional 
area. In the present work all the specimens were circular in section, 
whereas in the investigation by Edwards and Pfeil the specimens 
were cut from sheet material. A set of the representative photo- 
graphs which have been used for the crystal counts are reproduced 
in Figs. 20 to 27; it does not seem to be necessary to describe them, 
but it is thought that they will prove to be of great help to future 
investigators in this field of research. A list of data relating to the 
crystal counts is given in Table XVI. 

From the foregoing considerations it seems evident that : 


(i) A very close connection exists between the initial yield 
stress and the newly acquired yield stress after straining at the 
yield and ageing at 250° C. 

(ii) There is also a correspondingly close relationship between 
the yield stress and the amount of deformation that occurs at 
the yield stress. 

(iii) Both the yield stress and the amount of deformation 
at the yield appear to be directly related to the size of the 
crystals in the specimens. Indeed, it is not going too far to say 
that, within the limits of experimental error, the same kind of 
relationship exists between the yield stress and degree of strain 
as between the yield stress and crystal size. 


These observations are certainly true for specimens which possess 
yield stresses up to about 14 tons per sq. in., but the same kind of 
complete co-ordination does not exist when the yield stress has been 
raised by rapid cooling to values much above 14 tons per sq. in. 


The Degree of Strain and the Amount of Age-Hardening. 


Up to the present no attempt has been made to discuss the results 
from the point of view of the influence of a given amount of cold- 
work upon the extent of the hardening after ageing. During the 
early stages of the investigation, it was thought to be within the 
bounds of possibility that the nature of the deformation occurring 
at the yield point might be different from that which takes place 
after the yield point has been passed. This was one of the chief 
reasons for giving so much attention to the study of the influence 
of the yield strain upon age-hardening. Whilst this has certainly 
led to interesting results, it does not, in itself, give a clear indication 
or a direct means of studying the effects of a standard amount 
of cold-work upon the degree of age-hardening. Needless to say, 
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the reason for this is to be found in the fact that the amount of strain 
at the yield point varies with the crystal structure of the specimens. 
However, in view of the rather striking relationships that have been 
found in other directions, it would be surprising if something of the 
same kind were not found with regard to the effects of a standard 
amount of strain. In this connection, it will be remembered that 
in a number of instances specimens were tested after repeated 
strainings and ageings, and others were tested after being strained 
to varying amounts and then ageing. The examination of the results 
from the present point of view can be simplified by reference to two 
particular instances in the first place; these are the data contained 
in Figs. 6, 6(a) and 7 for steels K, and No. 1, Table VIII., respectively. 
In both materials it will be seen that there is a steady and progressive 
increase in the yield point and ultimate stress values as the amount 
of cold-work before ageing is raised. 

All the evidence seems to conform to the view that there is 
no fundamental difference between the resulting hardening after 
straining up to, and for, the full extent of the yield point, followed 
by ageing at 250°C., and that due to straining to much higher 
degrees followed by similar treatment. Nevertheless, it would be 
much more satisfactory if the evidence could be used in such a way 
as to give more precise indications in this connection. 

With the object of forming a quantitative estimate of the rise 
in the yield point after strain-ageing, in relation to the extent of 
the deformation that occurs at the initial yield stress, the following 
procedure was adopted. The percentage strain corresponding to 
any particular yield stress has been estimated from Fig. 15; the 
data thus obtained have been incorporated in the lower curve in 
Fig. 9. From the two curves in this figure it will be found that the 
strain-ageing effect upon the yield point is proportional to the 
amount of strain at the original yield stress. It must be admitted 
that this method smooths out some irregularities; this, however, 
seems justifiable when the wide range and diverse character of 
the specimens are taken into account. However, accepting the 
implications of the curves in Fig. 9 as they stand, a remarkably 
close approximation to the effects of straining at the yield and 
then ageing at 250° C. can be obtained, as follows : 


Aged yield stress (tons per sq. in.) = 4:6 + 5:4 (percentage strain at the yield). 


Thus, it would seem that the degree of strain-age-hardening 
within these limits of strain is a function of the amount of deforma- 
tion that. occurs at the yield point. This does not necessarily mean 
that the deformation at and near the crystal boundaries has the 
same effects upon age-hardening as that taking place within the 
crystals. The only evidence which appears to have a direct bearing 
upon this is that contained in Figs. 6(a) and 7, from which it will be 
seen that the age-hardening is greater during the early stages of 
straining. 
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Strain-Ageing and Ultimate Stress. 


-Turning now to the influence of the straining and ageing upon 
the ultimate stress, it is interesting to enquire whether this can be 
quantitatively expressed in a manner similar to that which has 
just been described in connection with the yield point. Unfortun- 
ately, during the greater part of the time that the present work was 
in progress, practically the whole interest and attention were con- 
centrated upon the effects of strain-ageing on the yield point. In 
consequence, only a few complete tensile tests of un-aged and corre- 
sponding strained and aged specimens were made. ‘The deficiency 
in this respect has, to some extent, been rectified, but the number 
of tests that has been made is still not so large as the authors would 
have liked; a list of the results obtained is given in Table XVII. 


TaBLE XVII.—Influence of Ageing on Yield Point 
and Ultimate Stress. 











Initial Yield Yield Point after Initial Ultimate Ultimate Stress 
Point. Ageing. Stress. after Ageing. 
Tons per sq. in. Tons per sq. in. Tons per sq. in. Tons per sq. in. 
8-91 12-7 18-3 19-45 
9-17 12-7 18-3 19-50 
9-0 13-2 18-65 19-93 
9-4 14-0 19-55 20-65 
10-5 15-2 20-1 21-4 
11-6 16-2 21-41 22-92 
11-8 16:3 22-2 23-4 
12-1 16-7 21-8 23-0 
12-6 17-8 22-7 24-1 
12-6 17-7 22-6 24-43 
13-2 17-75 23-55 24-9 
13-8 19-2 22-9 24-6 
16-6 23-4 24-9 27-5 
17-4 24-3 25:5 28-7 
18-3 24-0 26-5 28:87 

















In making these experimental observations, two specimens were 
used in each instance; one, in the condition as cooled from above the 
A, change, was tested up to the ultimate stress, while the other 
was completely strained at the yield point and then after ageing at 
250° C. was tested to destruction. These have been incorporated 
in the form of a graph in Fig. 28. Here, again, it will be seen that 
there is a linear relationship which, accepting the diagram as it 
stands, can be expressed as follows : 


Aged ultimate strength = (Initial ultimate stress x 1-19) — 2-66. 


The data contained in Table XVII. have been plotted in another 
form in Fig. 29, and from this it seems evident that the resultant 
ultimate stress after straining at the yield point and ageing at 
250° C. is associated with the initial yield stress and the strain 
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that then takes place. The ultimate stress after this amount 
of straining and ageing can be estimated as follows : 


Aged ultimate stress = 1-05 (yield point) + 10-3. 
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Deformation by Tension of Polycrystalline Specimens. 


It has been established by numerous investigators that the 
behaviour of single crystals when subjected to deformation under 
tensile stresses varies with the particular orientation,at which they 
are examined in relation to the axis of tensile stress; in other words, 
they are anisotropic. This kind of directional difference in the 
properties is determined by the fact that the angles of the planes 
upon which slipping takes place during deformation vary with the 
orientation of the crystal in relation to the applied stress. It is 
further known that while deformation is in progress the crystal under- 
goes a process of adjustment by the rotation of its crystal axes. 
The extent to which this change of orientation proceeds depends 
upon the degree in which its initial orientation differs from a common 
orientation to which the crystals all tend to rotate, and ultimately 
reach with sufficient strain. While this slipping is going on, even 
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single crystals, other changes are taking place which result in an 
increased resistance to flow or slip, i.e., hardening or strengthening 
is taking place during deformation. Though it is quite unnecessary 
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to discuss these matters in detail here, it is desirable to mention that 
the amount of direct stiffening or hardening which occurs as a result 
of a given amount of strain is not so great with a single crystal as 
it is with a polycrystalline mass of the same metal. Stated briefly, 
this is due to the mutual interference which one crystal exerts upon 
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another in the case of polycrystalline samples, which prevents the 
slipping from being anything like so regular as it is in the case of 
a single crystal, and thus a greater amount of internal disturbance 
takes place for a given amount of strain with a polycrystalline 
specimen. All aspects of these problems are fully discussed in the 
excellent book by Elam.” 

With regard to single crystals, all that need be mentioned for the 
purpose of the present paper is that, in their work on single crystals 
of iron, Edwards and Pfeil “© found that, by the method which they 
adopted for the production of large ferrite crystals, there were 
definite indications that the orientations of a large proportion of 
them were similar. There were many indications of this, and it was 
reflected in the tensile-test values that were obtained. The principal 
fact to remember at the moment is that the strength of a crystal of 
ferrite varies with the direction in which the stress is applied. 
Another point to bear in mind is that deformation of a crystal by 
pure tensional strain produces a rotation of the crystal axes which 
ultimately results in a fixed orientation being reached, regardless of 
its original orientation. Therefore, in a polycrystalline specimen in 
which the crystals have completely random orientations, they (the 
various individual crystals) will possess every conceivable degree of 
resistance to slip during deformation and the whole range of ultimate 
strengths which a single crystal is capable of displaying when exposed 
to tensile stresses in any direction. 

It is perhaps necessary to define what is meant by random orienta- 
tion. In this connection, the authors are inclined to believe that the 
kind of random orientation that they envisage can be achieved 
only when the crystal size is small, as compared with the size of the 
specimen, and even then only when (i) the crystals have been formed 
from the liquid state; (ii) produced as a result of passing through 
a critical point, similar to that of the A, change in iron; and (iii) 
there is a possibility that it might be attained as a result of complete 
recrystallisation by low-temperature annealing a heavily cold- 
worked material. 

Under these conditions, 7.e., with small crystals at random orien- 
tation, we have a specimen in which there are crystals that offer 
every possible degree of resistance to slip when the specimen is 
submitted to tensile stress. On the other hand, none of these crystals 
can move in accordance with their normal tendencies, because they 
are partly restrained from doing so by those with which they are 
in contact having different directional tendencies. Hence, there 
must be a multitude of compromises, the detailed nature of which 
cannot be analysed. In addition to these diverging tendencies of 
slipping directions of the individual crystals, which in themselves 
must give an increased strength at their boundaries, some bending or 
distortion of the atomic space lattice at and near the boundaries 
must give extra strength to those zones. For the present purpose 
all that is needed is to state that the net effect of these crystal boun- 
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daries is to make the specimen withstand a greater tensile stress 
before yielding than the individual crystals themselves would be 
capable of supporting. Obviously, the extent of this supplementary 
strengthening increases with a diminution in the size of crystals 
present; once the stress has been raised to just above that which the 
boundary influence can sustain, movement takes place by slipping 
within the crystals. This sudden transformation in the behaviour 
of the metal at a critical stress is much more pronounced with ferrite 
crystals than with any other metal, and is responsible for the well- 
known yield point in ferrous materials. With this in mind, numer- 
ous attempts have been made to explain the yield-point phenomena 
in steels. When, however, it became known by the work of Edwards 
and Pfeil © that single crystals of ferrite and samples of polycrystal- 
line specimens containing fewer crystals than, say, about 15 per 
linear millimeter gave no indications of a yield point such as is re- 
vealed when making an ordinary tensile test of mild steel, no special 
hypothesis seemed to be necessary. It is true that, at a later date, 
Gensamer and Mehl %® found that single crystals of ferrite gave a 
small yield with very slow rates of loading. This interesting fact 
does not affect the present situation, for it is still true to say that the 
yield point in mild steel, with normal rates of loading, is directly 
associated with the size of the ferrite crystals present. 

Until much more detailed information is available it is impossible 
to put forward a complete theoretical explanation of strain-age- 
hardening which would be more than tentative in character. There 
are, however, some facts contained in the present paper which are 
worthy of notice; they are as follows : 


(1) It has been found that the effect of increasing the amount 
of tensile strain prior to ageing at 250° C. upon the degree of 
age-hardening is progressive. That is to say, there is no real 
discontinuity between the relative amount of age-hardening 
after straining 2-0°% (if that happens to be the percentage strain 
that occurs at the yield) and that after straining another 
specimen of the same kind 4-0°% or more before ageing. Per- 
fectly smooth curves are obtained which show no discontinuity 
at any particular degree of strain. 

(2) After straining normalised specimens at the yield point 
followed by ageing at 250°C. the yield stress of the aged 
specimen is proportional to the original yield. 

(3) The amount of strain that occurs at the yield point is 
proportional to the stress at which yielding takes place, and both 
of these depend upon the size of crystals present. Therefore, 
it can be said that the yield stress after tensile straining and 
ageing at 250° C. is proportional to the amount of strain, and 
this in turn is governed by the crystal size. 


When these considerations and the experimental facts are taken 
into account, the authors feel that it is possible to give a satisfactory, 
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even if it is only a perfectly general, explanation of what happens 
during tensile strain-age-hardening. 

Consider first the case of a normalised specimen containing about 
15 ferrite crystals per linear millimeter. In making a tensile test 
on such a specimen no clearly defined yield point will be found; 
there will be a continually increasing deviation from the elastic range 
as the stress is raised, but no abrupt change corresponding with a 
marked straining of the specimen at constant stress. In other 
words, the stress-strain diagram will be very similar to those usually 
obtained for an annealed non-ferrous material. The crystals present, 
with regard to their varying orientations, may be graded in their 
order of increasing resistance as a, b, c,d, &c. With the beginning 
of deformation, the first tendency must be for crystals like a to be 
rotated; this, in turn, must be retarded by those crystals in their 
immediate vicinity. The net result is that crystals a do not get 
the full opportunity to rotate as much, or as regularly, as they would 
if they were isolated. At the same time they exert some of their 
own influence upon those crystals with which they are in touch. 
Crystals like a will, however, undergo a greater relative change by 
rotation than those with a somewhat greater resistance to slip. 
Though it is merely a mental picture, which is not strictly correct, 
the position might be conveniently summarised by saying that 
crystals of a orientation are rotated to the b angle; then all these, 
in turn, are rotated to positions corresponding with c, and so on 
during the progressive stages of deformation. This, of course, means 
that the process of tensile strain might be regarded as one in which 
those crystals possessing orientations presenting the least resistance 
to slip are rotated to those of the next, and this goes on, step by 
step, as the deformation proceeds. 

In a specimen, such as was referred to in the first instance, i.e., 
one containing 15 ferrite crystals per linear millimeter, the strength- 
ening of the specimen by the crystal boundaries is so small that very 
little support is given to the mass, and certainly not enough to 
enable the specimen to carry a stress considerably above that at 
which the above-mentioned selective rotation of certain crystals 
would otherwise set in. With diminishing crystals size, however, 
the crystal boundaries exert a progressively increasing influence, 
and a stage is reached when this is sufficient to protect the crystals 
themselves from being deformed, even though the total stress may 
be raised to a value which is much above that at which permanent 
strain would otherwise occur. Even with specimens containing 
small crystals, there comes a point when the stress can be no longer 
supported, 7.e., when the resistance of the boundaries is overcome, 
and at that stage the whole of the stress is suddenly thrown upon the 
interior of the crystals. Hence, the well-known yield point sets in, 
and this continues while crystal rotation proceeds to that extent 
which would have taken place but for the supplementary support 
previously given by the boundaries. The magnitude of this yield 
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will therefore depend upon the extra stress which the crystal bound- 
aries have enabled the specimen to support. 

On ageing at the ordinary temperature the atoms at these dis- 
turbed boundaries slowly acquire their original state relative to each 
other, but they do so at a much more accelerated rate on heating 
to 250°C. In this way, the atoms at the crystal boundaries are 
restored to something approaching their original positions; thereby 
the boundaries re-acquire the strength that they originally possessed, 
and thus a new yield point is created. This new yield point in the 
aged material is considerably higher than it was originally, first, be- 
cause the boundaries are now supporting a mass of crystals which 
are collectively stronger than they were initially, and, secondly, 
because it is possible that the grain boundaries themselves have, 
in effect, become thicker. 

The above observations are put forward quite tentatively, and 
are merely intended to serve as a guide to future investigators and 
for purposes of discussion. 


Summary and Conclusions. 


The work embodied in this paper deals with a study of strain- 
age-hardening, with particular reference to the influence of small 
degrees of strain followed by ageing at 250°C. In most instances, 
the amount of strain to which the specimens were submitted before 
ageing was determined by the character of the material itself. The 
procedure was to increase the tensile stress slowly to the yield point, 
and then allow ample time to permit the strain to be completed 
while the stress was maintained at a constant value. After ageing, 
the specimens were tested for the usual tensile properties. Within 
these limits of straining and ageing at 250° C., no evidence has been 
obtained which leads to the conclusion that oxygen plays any part 
in strain-age-hardening, so far as this quality is revealed by a rise 
in the yield-point or ultimate-stress values. A special sample of 
steel, containing as much as 0-48%, of potentially active aluminium, 
and therefore presumably containing no active oxygen, displayed 
the same quantitative tendency to strain-age-harden as all the other 
samples that have been examined in the present investigation. 

So far as can be gauged at present, these observations are true 
for more extensive tensile strains than are referred to above, but 
the number of experimental results obtained in this connection do 
not cover such a wide range. The general conclusions which can be 
formulated from the present work, can be summarised as follows : 

(1) The yield point in tension of normalised mild-steel specimens, 
up to a value of about 14 tons per sq. in., appears to be proportional 
to the number of ferrite crystals per linear millimeter. This is not 
the case when the yield point is above 14 tons per sq. in. It is 
not at present known whether this deviation is really due to a 
diminution in the crystal size, is an indirect result of a difference in 
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the constitution of the ferrite, or is due to some other difference in 
the structure resulting from the rapid rates of cooling which were 
adopted to produce the small crystals. 

(2) The amount of strain that occurs at the yield point is closely 
related to the stress at which the yield takes place. The following 
is an approximate expression of this relationship : 

Yield stress = 3-5 (percentage strain + 1). 

(3) The increase in the yield-point stress after straining at the 

yield and ageing at 250°C. can be indicated as follows : 


(Yield point in normalised specimen) x 1-4 = Yield point after ageing, 


or 
Yield point after ageing = 4-6 + 5-4 (percentage strain). 


(4) The ultimate stress after straining at the yield and ageing 


at 250° C. can be expressed thus : 
Aged ultimate stress = 1-05 (initial yield point) + 10-3, 


or 
Aged ultimate stress = (1-19 x initial ultimate stress) — 2-66. 
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THE STRAIN- AGEING OF DEAD- MILD 
STEEL STRIP USED IN THE PRESSING 
OF AUTOMOBILE BODIES AND ACCES- 


SORIES.* 


By J. W. RODGERS, Pux.D., M.Sc. (IRonMoNGERS’ Company RESEARCH 
Frettow), anp H. A. WAINWRIGHT, M.Mer., B.Ena. (LATE Iron- 
MONGERS’ ComMpANy RESEARCH SCHOLAR) (THE UNIVERSITY OF 
SHEFFIELD). 


(Figs. 1 to 3 = Plate XXV.) 


SUMMARY. 


The influence of strain-ageing upon the tensile and penetration- 
hardness properties of five dead-mild steels has been investigated. 
It is found that though the effect of ageing upon the hardness is a 
simple increase which other workers have noted, the tensile results, 
particularly those of percentage elongation, do not follow the simple 
changes in hardness which take place. There is considerable evidence 
for the phenomenon of preliminary recovery, a change which takes 
place in the opposite direction to that usually associated with ageing, 
prior to the major ageing change. 

There appears to be a fundamental difference between hardness 
and elongation, these properties not exhibiting the degree of com- 
plementary relationship usually associated with them. Small funda- 
mental differences are also observed between hardness and maximum 
strength. 

Normalising appears to increase the rate of strain-hardening and 
also produces a more erratic material than does annealing. The 
results of a few experiments on the ageing of sub-critically quenched 
steel which had been subjected to cold-work are quoted. 


Introduction. 


THE gradual changes in physical and mechanical properties which 
take place subsequent to the cold-deformation of mild steel have 
been known for many years. An excellent and exhaustive survey 
by Davenport and Bain‘ has appeared in the 7'ransactions of the 
American Society for Metals. In this paper the authors consider 
the effect of strain-ageing in relation to sub-critical quench-ageing, 
the reappearance of the yield after cold-working, and stretcher- 
strains resulting from tempering at various temperatures. 

The present investigation is concerned chiefly with the pheno- 
menon of strain-ageing in so far as it affects the rolling and pressing 
of steel strip for automobile body parts and accessories. The chief 
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difficulty encountered by the industry with respect to strip is the 
variation in ‘“ drawability ’ after the various preliminary treat- 
ments. These include the final light rolling pass which is given in 
order to produce a fine surface after white annealing, and the roller- 
levelling or stretcher-levelling given to flatten the sheets; both 
these cold-working processes are also designed to eliminate stretcher- 
strains. These mechanical treatments involve the cold-deformation 
of the metal usually to a small degree. The problem from the 
manufacturer’s point of view is: “ How is the ‘ drawability’ of 
the metal affected by these operations?’’ Davenport and Bain 
deal with the effects of strain-ageing at various temperatures as 
measured by the Rockwell B hardness. There appear, however, 
to be few co-ordinated data available concerning the effect of strain- 
ageing upon ductility. 

A systematic investigation of strain-ageing would be a very 
heavy undertaking ; there are so many variables which can influence 
the results, such as, for instance, the composition of the material, 
its heat treatment and grain size, the degree and type of the final 
cold-deformation, and the temperature of ageing. There are also 
to be considered the many tests to which the strip may be submitted, 
each of which reveals a different property of the material. Those 
tests must be selected from the ones most used in the industry and 
in the laboratory which indicate best the deep-drawing properties 
of the material. 

In view of this multiplicity of variables, it was decided to 
investigate in the first place the effect of various cold-rolling re- 
ductions on the strain-ageing properties of five qualities of mild 
steel. 


Description of Steels Investigated. 


In Table I. the compositions of the steels used are set out, 
together with a brief description of the type to which each belongs. 


TaBLE I.—Composition of the Steels used in the Investigation. 








' M Phos- 
Steel, | Carbon. | Silicon. oe Sulphur. | 5), eat Desceiption. 
/o* Joe %. /o* %. 

A 0-11 | Trace | 0-002 | 0-037 | 0-006 | Armco ingot iron. 

B 0-08 | Trace | 0-38 0-034 | 0:015 | 0-08% carbon rimming 
steel. 

Cc 0-10 | 0-10 0-38 0-022 | 0-012 | 0-10% carbon silicon steel, 
aluminium-treated. 

D 0-10 | 0-066 | 0-33 0-049 | 0-025 | 0-10% carbon silicon steel. 

E 0:04 | Trace | 0-08 0-019 | 0-007 | 0:04% carbon rimming 
steel. 





























The Armco ingot iron was supplied in the form of hot-rolled strip 
and its previous history was not available. Steels B to H were 
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supplied by Messrs. Samuel Fox & Co., Ltd., Stocksbridge, Sheffield, 
through the kindness of Dr. T. Swinden. These steels were all in 
the form of hot-rolled strip in 5-ft. lengths, 4 in. wide and 16 gauge 
(0-064 in.); they were taken from the middle third of the ingot and 
the finishing rolling temperature had been in the range 800-650° C. 
It will be noticed that the carbon content of the Armco iron is high, 
as American ingot iron usually has a carbon content of 0-010- 
0-015%. B and E are rimming steels, H being a specially mild 
quality; C is a dead-melted steel, stated by the makers to be 
“ commercially free from strain-embrittlement.” The composition 
of B steel is similar to that usually employed in deep-drawing work 
and throughout has been considered as a standard material. 


Preliminary Heat Treatment. 


The rolling reductions employed were divided into three classes : 
(i) The light, or pinch, passes up to 3% reduction, (ii) medium re- 
ductions between 5% and 40%, and (iii) heavy reductions between 
50% and 70%. The medium reductions were investigated first. 

The heat treatment of the steel for the medium reductions was 
as follows: The strip was given a preliminary heat treatment in 
batches of 1 cwt., consisting of close-annealing in cast-iron borings 
at 750° C., soaking for 4 hr. and allowing to cool down overnight in 
the furnace. Since it is more usual to cold-roll strip as delivered 
from the hot mill (sometimes to the extent of 80° reduction), and 
only in cases where the finishing temperature has been very low is 
it customary to heat prior to cold-rolling, some doubt was felt as to 
the desirability of this treatment. These doubts were expressed on 
account of unwanted grain growth and a slight surface carburisa- 
tion in a few strips, which was found, however, to have but little 
influence upon the mechanical properties. 

For the (i) and (iii) classes of reduction it was decided to obtain 
initial uniformity by normalising instead of close-annealing; as a 
check on the first annealing treatment, some normalised B steel was 
given medium reductions and tested. Normalising was carried out 
by heating to 940° C. and cooling in air, followed by a light pickle. 

Though the heat treatment was carefully controlled, the whole 
of the material required for one set of tests was not treated at once, 
owing to the limitations of the facilities available. In order to 
eliminate any effects due to variation in annealing, &c., an average 
of three, or in one case, two measurements, one from each batch, 
was taken. Each batch after annealing was examined microscopi- 
cally as a check on the treatment. Sulphur prints and micrographs 
of B steel were also obtained in order to determine the position of 
the core. Fig. 1 shows a sulphur print of part of the cross-section 
of the strip. Fig. 2 is a macrograph under low power, etched with 
dilute Oberhoffer’s reagent, which shows the position of the core 
(light). Fig. 3 is a panoramic micrograph under medium power. 
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Fig. 4 shows the relative positions of the preceding figures with re. 
spect to the cross-section of the strip. It was found that the pure 
ferrite rim generally occupied a depth of about } in. at the side edge 
of the strip. 











Microphoto Section fig. 3. hy 
| Macrophoto Section Fig.2. |S 
i Sulphur Print Section Fig. 1° 








Fic. 4.—Cross-Section of B Steel Strip, showing the positions from which 
Figs. 1, 2 and 3 were taken. 


Description of Tests and Testing Machines. 


It is generally recognised in the industry that at the present time 
the actual drawing operation itself is the only practical test of the 
suitability of a particular batch of strip or sheet for that operation. 
Whether there will ever be a single test which will indicate the suit- 
ability of strip for all types of pressing is a matter of opinion and for 
research. There are a number of tests used in the industry which 
give some indication of the deep-drawing qualities of strip. In 
this respect, the tensile and hardness tests are at the moment pre- 
eminent. Several other means of testing are employed, amongst 
which is the cupping-test—with the Erichsen as prototype. There 
is a prevalent feeling, however, that this test can serve only as a 
rough indication of the condition of the material in intermediate 
processes. The reason for this is that, although many of the tests 
are susceptible to a reproduceability comparable with that of the 
tensile test in the hands of one operator, the results obtained on 
different machines of the same type by different operators are 
divergent. The variety of methods by which the test-pieces are 
made also contributes to the variation. It is possible to apply 
factors for the personal equation in many cases, and by this means 
the results obtained by two operators can be reduced to a com- 
parison basis; but this method cannot be applied as an integral 
part of the test. The tests adopted in this investigation were the 
Vickers diamond hardness and the tensile test. 

The Vickers diamond hardness test was carried out using a 135° 
pyramidal diamond indenter with a 5-kg. load applied for 10 sec. 

The tensile test-piece adopted was the alternative form of test- 
piece described in British Standards Institution Specification No. 
483 (1934), and is shown in Fig.5. The 8-in. gauge length test-piece 
was used, since this investigation was primarily concerned with the 
deep-drawing properties, and the “ general ”’ elongation of the test- 
piece is held to be more informative than the “local” elongation. 

It was originally intended to use a 10-ton Buckton single-lever 
testing machine, but this machine was some distance from the 
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rolling mill and it was desirable to make a test in the shortest pos- 
sible time after rolling; it was decided to adopt the new 24-in. 
worm-gear-type Hounsfield tensometer. This model, recently put 
on the market, enables standard strip test-pieces to be used, pro- 
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Fic. 5.—Standard 8-in. Gauge Length Tensile Test-Piece. 











vided that the maximum load does not exceed 2 tons. The load is 
applied by means of a worm gear and screw, and is transmitted 
through the specimen to a flat spring beam, the movement of which 
is registered by a mercury column in a glass tube calibrated in terms 
of the force upon the spring. The movement of the mercury column 
is followed by means of a pointer, which is depressed by hand at 
intervals. This produces an autographic record of pinpricks, 
appearing on squared paper surrounding a drum which revolves 
according to the extension of the specimen. If care is taken, the 
load can be estimated to an accuracy well within the various errors 
encountered in this investigation (it is necessary that this relation 
between the experimental errors and those due to the inhomogeneity 
of the material should be fully appreciated). The tensometer was 
calibrated by means of a standard test bar, loaded well within its 
elastic limit, and also by comparison with results obtained on the 
10-ton Buckton machine. 

Among the advantages which the tensometer possesses over the 
larger testing machines are that it is relatively inexpensive, compact 
and provides an autographic record of the tests made. ‘These 
advantages outweigh certain inherent limitations in spring-operated 
testing machines consequent upon the necessity for introducing 
elaborate magnifying devices. Sincethetensometer is hand-operated 
it is impossible to obtain the range of speeds usual in machine- 
operated testing machines. It must be remembered when com- 
paring the absolute values of the results given later in this paper 
with those customarily obtained in the commercial testing of these 
types of steels, that all the tests on the tensometer were performed 
at slower speeds (0-2-0-3 in. per min.). 

__ Itis considered that on the whole the accuracy of the tensometer 
is very little, if at all, less than that of single-lever testing machines, 
provided that it is in the hands of an intelligent operator. 
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For the first series of tests on the medium reductions of 5 to 
40%, the following data were taken from the tensile test : 


Percentage elongation on 8-in. gauge length. 
Percentage elongation on 2-in. gauge length. 
Maximum strength. 

Limit of proportionality. 

Yield point. 


In all except the very lightest passes, no yield point was ob- 
served, and it was found that the limit of proportionality was too 
indefinite in heterogeneous strip to be of any value, so that in the 
remaining tests these two measurements were omitted. 

Elongation on 8 in. and 2 in.—It is probable that of all the 
individual measurements which assess “‘ drawability,” the percent- 
age elongation is the most informative. Amongst both users and 
manufacturers, results obtained on the 2-in. gauge length are 
accepted with a certain amount of reserve, but it must be stated 
that those obtained during the present investigation were remark- 
ably consistent. Furthermore, these readings have the advantage 
of being numerically greater than those on the 8-in. gauge length. 

Maximum Strength—With respect to the changes in mechanical 
properties produced by cold-working, there are formule connecting 
the maximum strength after deformation with the hardness before 
working and the percentage reduction. Approximately, it is 
assumed that there is a relationship between the increase in inden- 
tation hardness and the maximum strength. 


Production of Test-Pieces. 


After rolling, specimens for Vickers hardness tests were cut from 
a section of the strip that was as flat as possible in order to produce 
a symmetrical impression. After giving the surface a light polish 
with fine emery paper, the average of five impressions was taken. 
The impressions were made in the centre portion of the 4-in. width 
along a line perpendicular to the direction of rolling (length of strip). 
Successive series of five impressions were made parallel to the first 
series; the five impressions for all the series thus formed five lines 
parallel to the axis of rolling. In this way it was hoped to average 
out any fibring effect produced by inclusions and segregates along 
the length of the strip. Further, by adopting this standard method 
for all specimens, a definite orientation of the pyramid with respect 
to the direction of rolling was ensured, so that the ‘‘ convexity ” 
effect combined with that of mechanical orientation was constant. 

The production of tensile test-pieces constituted a much more 
difficult problem. It was necessary to test the strip immediately 
after rolling in order to obtain a measurement of the physical 
properties before appreciable ageing took place. Davenport and 
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Bain quote hardness results one minute after deformation. It is 
certainly impossible to obtain a tensile test result within such a 
short time. All measurements were carried out at room tempera- 
ture, 23° C., the first one 20 min. after rolling. 

The usual method of milling the test-pieces in batches could not 
be carried out in the time available without grave risk of overheating, 
and thus affecting the rate of ageing in the initial stages. Of 
several possible alternatives the most satisfactory one was a blank- 
ing process, principally on account of accuracy, speed and simplicity. 
The following method was finally adopted : The 4 in. wide material 
was cut into strips, each 15 in. long by 13 in. wide, by means of a 
foot-operated guillotine shear. The four }-in. dia. holes necessary 
for clamping purposes in the testing machine were then drilled in 
the 13-in. strips, two at either end. This was done in a jig with 
hardened-steel bushed holes, which ensured accuracy and re- 
produceability. These four holes served as a location on the bed 
of the blanking press, which had four pins coincident with the holes 
in the strip. Blanking out each side in turn of the parallel portion 
of the test-piece followed. The bed and punch were arranged by 
design to cut out only one side of the test-piece at a time, since the 
component parts could be kept sharp and at the correct clearances 
more easily than would have been possible with a complete blanking 
tool. This system reduced very considerably the depth of work- 
hardening of the stamping flash. Eight-inch and 2-in. gauge marks 
were lightly stamped by means of a pointed trammel. Experiment 
showed that these did not affect the fracture of the test-piece. To 
eliminate the effect of the work-hardened edge, the parallel portion 
was draw-filed to a depth of 0-015-0-020 in. on each side. A 
certain amount of trouble was experienced from the fracture occur- 
ring outside the gauge marks, so a slight waist was filed in the centre 
of the test-piece to position the fracture. Though this practice is 
fairly common in industrial testing, it was considered to be a ques- 
tionable procedure, and an investigation of the effect of the depth 
of waist, together with the effect of filing, milling, &c., is included 
in an Appendix. From the results obtained it was clear that 
“ waisting ” is a detrimental practice, and the results so obtained 
were discarded. 


Testing Procedure. 


The steels used in the investigation were close-annealed and 
cooled very slowly in the furnace, and it is assumed that they were 
entirely free from sub-critical quench-ageing (Davenport and 
Bain’s “‘ pre-aged ”’ condition). 

As required for cold-rolling, the strips were pickled in 7% cold 
sulphuric acid (restrainer added), washed, limed, washed and dried, 
thus rendering the surface quite clean and free from any scale or 
dirt. These annealed and pickled strips, in 2 ft. 6-in. lengths, were 
given the requisite reduction in a 10 in. x 10-in. Robertson two- 
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high cold-rolling mill; the speed of rolling was maintained constant 
at about 60 ft. per min. No coiling was possible with such short 
lengths. No slip between the rolls occurred, giving a matt finish. 
In general three lengths were rolled at once, this quantity being 
sufficient for one series of test-pieces. The aim throughout rolling 
was to bring about the desired reduction with a minimum tempera- 
ture rise, since an appreciable elevation of the temperature would 
have increased the rate of ageing. The final thickness was reached 
in two to four passes, depending upon the particular reduction. 

When the whole series of test-pieces for one degree of reduction 
had been completed, which took about 40 min., they were placed 
until required in a canister and immersed in a tank maintained at a 
temperature of 23° C.; this temperature was chosen as being 
slightly higher than any temperature likely to occur during the 
summer months. 

It is highly desirable to show on one chart of suitable dimensions 
both the fairly rapid changes which occur immediately after rolling 
and the very slow changes which take place after the lapse of many 
days. Inall the curves correlating the changes in a specific property 
with time, the intervals were chosen and plotted in the following 
manner, similar to that employed by Davenport and Bain: The 
first three tests were carried out at intervals of 20 min., and these 
were plotted on a linear time scale, followed by logarithmic plotting 
when the time of ageing exceeded 60 min. The times on the 
logarithmic scale chosen were 3, 8 (instead of 10), 30, 100, 300, 
1000 and 3000 hr. after rolling. Plotted logarithmically, it will be 
seen that these intervals are approximately equally spaced; 8 hr. 
was chosen on account of convenience. In some cases a test was 
made after 10,000 hr. It should be observed that the logarithmic 
scale was chosen only on account of its convenience in reducing the 
whole time scale to reasonable limits and yet retaining its intelli- 
gibility, and not because of any inherent logarithmic nature of the 
ageing changes. 

Dead-mild steel of the character used in the investigation is 
usually mechanically heterogeneous, and it follows that the test 
results, however accurately they may be obtained, will vary con- 
siderably and average figures must be taken. It was decided, as 
previously noted, to take the average of five Vickers hardness 
determinations each on two of the three batches of annealed strip. 
The average of three tensile tests, one on each annealing, was taken 
for each reduction. The average of any greater number of tensile 
tests would have increased the labour to an unreasonable extent. 
Steels A, B and C were subjected to eight different reductions, 
namely: 1 and 3%; 5,10, 20 and 40%; and 50 and 70% reduction 
in thickness, corresponding to the three ranges of reduction men- 
tioned previously. Steels D and EH were subjected to reductions 
of 5, 10, 20 and 40% only. 

It has been considered inadvisable to include on the same graph 
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all the reductions for each property of each steel. In the first place, 
the large number of curves would be very confusing to the eye; 
in the second place, owing to rather different heat treatments given 
to the steels for the different ranges, the curves on the same graph 
would not be strictly comparable. The three ranges are therefore 
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given as three separate graphs on the same diagram. The figures 
are numbered according to the mechanical property plotted and the 
letters A, B, C, D, E denote the steel to which each graph refers. 
The results obtained with the normalised B steel after being sub- 
jected to the medium-range reductions (5 and 40% only) are shown 
in the series BN. Figs. 6 to 9 show the results obtained. 
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Fic. 9B.—B Steel; elongation on 2-in. gauge length. 


The following shows the diagrams in which the various properties 
are plotted : 


Vickers diamond hardness 
Maximum strength . ; 
Percentage elongation on 8-in. gauge 


Percentage elongation on 2-in, gauge 
length . 


len 


Figs. 6A, 6B, 6BN, 6C, 6D, 6E. 
Figs. 7A, 7B, 7BN, 70, 7D, TE. 


Figs. 8A, 8B, SBN, 8C, 8D, 8E. 
Figs. 9A, 9B, 9BN, 9C, 9D, 9E. 
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It should be noted that each point on the curve of a tensile 
property represents the average of three determinations, and that 
each point on a hardness curve represents the average of two sets 
of five determinations each. 

The mechanical properties of the steels in the heat-treated 
condition are given in Table II. 
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TaBLE II.—Mechanical Properties of the Steels in the Heat-Treated 




















ondition. 
Vickers Maximum Elongation | Elongation 
Steel and Treatment. Diamond ey a on A in, on 4 in. 

Hardness. sq. in, %. %- 
A annealed . . .| 133 19-9 20-4 26-5 | 
A normalised . » 99-7 21-7 22-7 32-7 
B annealed . ; ‘ 110 20°3 30:1 41-0 
BN commercially normalised . ies 25:1 23-9 36-7 
B normalised . “ ° 108 22-2 25-6 37°5 
C annealed ‘ : ‘ 129 21-7 24-3 36-8 | 
C normalised . ; ; 129 27:3 23-6 34:8 
D_sannealed ‘ . R 157 23-1 24-6 38-7 
EF annealed : ; : 103 19-8 20-7 28-7 








It was found that the gauge of the hot-rolled strip was in some 
cases so irregular that with the light reductions the greatest diffi- 
culty was experienced in obtaining uniform reduction over the whole 
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surface of the strip. This was especially the case for the 1% re- 
duction; this represents a reduction of only 0-0006 in. Hence the 
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results of the 1% reduction can only be taken as a rough indication 
of the mechanical properties. 

The curves have been constructed by joining up the corre- 
sponding points as plotted. Where a test has been omitted for any 
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reason, the line joining the adjacent points has been dotted. No 
attempt has been made to smooth out the curve or indicate what the 
authors think is the real tendency. In this way not only a picture 
of the changes which occur but also a measure of the errors involved 
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can be obtained. The authors, although they have their decided 
opinions as to the interpretation of these curves, have preferred not 
to indicate them in the form of “ average ” curves, but to relegate 
them to the discussion of results and leave readers to form their 
own judgement as to the significance of the values obtained. 
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Description of Test Results. 
Hardness. 

The trends of the hardness ageing curves are on the whole very 
similar to those which have been published by other workers; they 
consist of a gradual rise, the rate decreasing with time. Care must 
be exercised in interpreting rates of increase on the logarithmic 
scale. There is a remarkable similarity between the curves for the 
annealed strip of the five steels which has been subjected to the 
medium reductions. Steel A seems to age most rapidly. 

It is obvious from a comparison between the tests on annealed 
(5-40% reduction) and normalised (BN, light and heavy reductions) 
material, that the rate of ageing and the total increase in hardness 
are greater in the case of the normalised steel. It is significant that 
the heat treatment should have more influence than the degree of 
reduction. 

It is difficult to draw any general conclusions from the long- 
period ageing results where these have been obtained. The results 
are not conclusive and vary from steel to steel. In some steels, 
the lightly rolled specimens are still ageing and the heavily rolled 
ones are recovering (by “recovery” is meant a change in the 
opposite sense to that normally associated with ageing). It can 
definitely be said, however, that after 10,000 hr. all specimens of 
annealed CO steel reduced between 5 and 40% have passed the 
maximum degree of age-hardening. 


Maximum Strength. 

The maximum-strength results follow those of hardness, with 
some important differences. Again the general trend is upwards, 
and the ageing of the normalised material is more pronounced and 
also much more erratic. On the other hand, the effect of the degree 
of reduction is more pronounced. The lightly reduced specimens 
age much less than those heavily reduced, both in the annealed and 
in the normalised material. In steels A and #, after 3000 hr. 
ageing, recovery sets in. This final recovery is more pronounced 
in the more heavily than in the more lightly reduced material, 
though B is in this respect anomalous. 

The most significant difference between the maximum-strength 
and the hardness ageing curves is the indication of a preliminary 
recovery which makes its appearance in the early stages of ageing 
in the maximum-strength curves of the lightly reduced specimens. 
The effect is most marked in C steel. This phenomenon is treated 
in detail in the discussion of the elongation curves. 


Percentage Elongation on 8-in. Gauge Length. 


In comparing the results obtained for percentage elongation as 
between different reductions and heat treatments, several factors 
must be borne in mind. First, a direct comparison between the 
effects of heavy and light reductions is rendered difficult on account 
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of the fact that a very light reduction of fully softened material will 
give rise to a greatly reduced elongation figure. To take an actual 
example, annealed B steel has an elongation on 8 in. of 25-6%. 
After rolling 1%, this elongation is reduced to 22-7% (20 min. after 
rolling), and after 40% reduction it is reduced to the order of 1%. 
The elongation, therefore, is very sensitive to small changes either 
in reduction or in ageing due to light reductions, but it is certainly 
very insensitive to small changes after heavy reductions. 

For a similar reason, the elongation is known to be very sensitive 
to slight variations in heat treatment. Comparing the curves of 
the BN series with the heavy B reductions (both on normalised B 
steel) it will be seen that the elongation for a 40° reduction is 
initially less than that for 50%, these two reductions being on 
different batches of normalised material. It is therefore necessary 
to compare the trends of the curves rather than the actual values, 

In the curves for all reductions of 10% and less, preliminary 
recovery is observed. This consists of an increase in ductility after 
the first test and before the major reduction of elongation usually 
associated with the progress of ageing sets in. In most cases the 
preliminary recovery is over, and ageing has set in before 3 hr. have 
elapsed; but in the case of the lightest pass of 1%, preliminary 
recovery may still be in progress up to 30 hr. after rolling. An 
analysis of the curves indicates that the duration of the preliminary 
recovery is reduced by increasing the reduction. In some cases, 
particularly with the 1% reduction, preliminary recovery has the 
effect of postponing and to some extent reducing the subsequent 
ageing. ‘The prolonged preliminary recovery observed even in the 
heavier reductions of C steel may be connected with this steel’s 
relatively insusceptibility to ‘‘ commercial ageing.” 

The reduction which induces the maximum ageing varies very 
considerably among the steels. It is difficult to make positive 
statements, owing to the impossibility of exact comparison between 
the light and medium reductions on account of differences in heat 
treatment, and also on account of an insufficient number of reduc- 
tions. Asa rough estimate, in steels A, B and C the maximum age- 
ing occurs with about 10% reduction, and in steels D and E with 
about 5% or less. 

It has been shown by Davenport and Bain that at elevated 
temperatures, after the maximum ageing change has been reached, 
a final recovery is observed. At room temperatures this is only 
rarely observed, and only after very long periods, when con- 
sidering the effect of strain-ageing upon the hardness. When the 
elongation is considered, however, the final recovery is very marked 
in ageing after heavy reductions, though of course the absolute value 
of the change is small. Final recovery after reductions of up to 
10% is not observed except in the case of steel A and possibly steel 
B. After reductions of 20% and over, the final recovery is very 
marked, and commences earlier as the reduction increases. The 
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earliest recorded time for the commencement of the final recovery 
is 3 hr. for A steel reduced 50%. The most usual time for reduc- 
tions over 20% is 30-100 hr. after rolling. 


Percentage Elongation on 2-in. Gauge Length. 


The results for the percentage elongation on 2 in. follow very 
closely the general trend of those on the 8-in. gauge length. The 
former are more sensitive to local inhomogeneity, and at the same 
time the scale is more extended. While the industry seems justified 
in considering the elongation on 8 in. to be a better indication of 
tensile ductility, the variation in tests on the 2-in. gauge length 
would probably indicate the degree of local inhomogeneity. 


Discussion of Results. 


A few interesting conclusions can be drawn from the mass of 
results described. 

(1) The danger of drawing conclusions from one type of test as 
to the general behaviour of metals is clearly demonstrated. The 
properties of strain-ageing as revealed by the indentation hardness 
test or even by the maximum strength give no indication of the 
real complexity of the phenomenon. 

Although manufacturers and consumers are adopting the tensile 
test more universally nowadays as a means of specification and 
acceptance of deep-drawing quality steels, there are a number who 
adhere to the older method of employing Brinell hardness and 
Erichsen values. Many consumers consider that they have made 
known their definite requirements so far as ‘‘ temper” goes when 
they specify these two figures. The results of the present investi- 
gation show, however, that where strain-ageing has to be considered, 
such as after the pinch pass to eliminate stretcher-strains, tensile 
ageing figures are of considerable importance. 

(2) The results obtained for the different test measurements 
show that the hardness, maximum strength and elongation are not 
so interdependent as has commonly been supposed. Small significant 
differences between the hardness and maximum-strength curves are 
apparent. For this reason care must be taken in converting in- 
dentation-hardness figures into maximum strength and vice versa 
by means of the usual formula. The comparison between the trends 
of the elongation and hardness curves shows that these two effects 
of cold-working cannot be considered as complementary, for it can 
be shown that during ageing the elongation and the hardness in 
some cases increase together. To take one of many instances, 
which are most noticeable in the heavy reductions, A steel after 
50° reduction increases in ductility between 3 hr. and 300 hr. after 
rolling. The hardness increases continuously between 3 hr. and 
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30 hr., and the general trend of the curve suggests that it is 
increasing continuously over the whole duration of the ageing 
tests. 

The contradiction of the accepted relations between indentation 
hardness, maximum strength and elongation which is illustrated by 
these experiments on ageing is one of the most surprising results of 
this investigation. It would be unwise, however, to infer that such 
formule and principles relating these qualities, which have served as 
a working guide to engineers for so long, are thus based upon en- 
tirely erroneous assumptions. These formule are only empirical, 
and it is probable that they only break down when applied to the 
changes in the steel produced by cold-working when ageing takes 
place. All that can be said in reviewing this question is that it is 
useless to try to develop a fundamental theory connecting these 
quantities along the straightforward lines suggested by the em- 
pirical formule. 

(3) The importance of heat treatment both on the rate of ageing 
and on the mechanical homogeneity of the strip itself is illustrated 
by the results. Considering first of all the effect upon ageing, the 
conclusion can be drawn with certainty that the normalising treat- 
ment increases the rate of ageing with respect to the hardness and 
maximum strength. The maximum-strength figure may not be of 
separate significance in considering a straight tensile deformation 
such as takes place in a tensile test, but it is certain that it has some 
significance, though perhaps not of the first order, when dealing 
with the suitability of strip or sheet for a pressing involving complex 
two-dimensional stresses and bends. 

On the effect of heat treatment upon the homogeneity, the 
authors do not feel so certain. The more erratic nature of the 
results on normalised steel may possibly be due to the particular 
conditions under which the strip was normalised, but they wish to 
point out that, though the material for the light and heavy reduc- 
tions was normalised in the University, the strip for the normalised 
B series in the medium reductions (BN) was normalised under 
commercial conditions by strip manufacturers in the presence of 
both of the authors and those responsible for the commerciai nor- 
malising. It is therefore significant that the results agree in charac- 
ter very closely with those obtained on the strip treated by the 
authors in their own furnace. They are therefore forced to the 
conclusion that an annealing treatment is more conducive to 
homogeneity in the final product than the heat treatment involving 
the fairly rapid cooling through the 900° C. change point, such as in 
normalising or hot-rolling finishing above this temperature. 

This conclusion is in agreement with the opinion put forward 
by several manufacturers that the ideal heat treatment for deep- 
drawing strip consists of giving the strip in the hot-rolled condition 
a cold reduction of at least 50% followed by a low-temperature 
anneal not exceeding 700° C. 
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The Relation between Strain- and Quench-Ageing. 

Davenport and Bain, in comparing the effect of strain- and quench- 
ageing upon the hardness of dead-mild steels, noted a very funda- 
mental difference between these phenomena. Briefly, ageing at 
moderately elevated temperatures reduces the period of time over 
which the ageing changes take place in both cases, but they observed 
that, under conditions of higher temperature, the maximum in- 
crement in hardness on quench-ageing is reduced, whereas the 
maximum increment in hardness on strain-ageing remains substan- 
tially the same. That is to say, ageing at moderately elevated 
temperatures hastens and reduces the maximum quench-ageing 
effect, but only hastens without reducing the maximum strain- 
ageing effect. 

The cause of quench-ageing is now accepted as being due to the 
solution of carbon in the ferrite, which on cooling rapidly from 700° C. 
(the temperature of maximum solubility of carbon in «-iron) becomes 
supersaturated ; the slow submicroscopic precipitation of the carbide 
is indirectly responsible for the increase in hardness. On raising 
the temperature, this precipitation is hastened, and after reducing 
the maximum hardness the particles coalesce and the interference 
to slip is greatly diminished as the particles grow. On tempering 
at 250° C. the particles are visible under the microscope. 

The cause of strain-ageing is still unknown. ‘There is a large 
body of opinion which ascribes the effect to the presence of dissolved 
oxygen. The suggestion is also put forward that it may be due to 
the release of stresses in the aggregate. The complexity of the 
tensile results suggests that there may be more than one cause of 
strain-ageing and that it is possibly due both to a mechanical and 
a metallurgical process. 

Andrew and Trent‘ describe the effect of cold-work caused by 
hardness impressions made at various times after sub-critically 
quenching a low-carbon steel, upon the visible precipitation of 
carbide on tempering at 250° C. When the hardness impression 
was made immediately after quenching, precipitation occurred 
right up to the edge of the impression, indicating that the cold-work 
due to the impression had no effect upon the precipitation. If, 
however, the impression was made more than 20 hr. after quenching, 
a rim free from precipitation surrounded the impression. A similar 
effect was observed upon the precipitation of iron nitride. Hence 
cold-working after quench-ageing appears to affect the solubility 
of carbon in «-iron. Work by Burns™ on the effect of cold-work 
upon the incubation period in the quench-ageing of duralumin, 
though not obviously related to the effect investigated by Andrew 
and Trent, is additional evidence of the effect of cold-working upon 
the stability of the supersaturated constituent. 

At the suggestion of Professor Andrew, the following experi- 
ments were carried out. Steel B in the fully annealed condition was 
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water-quenched from 680° C. It was then divided into two batches, 
which were treated as follows : 


Series I.—Aged for 7 weeks at room temperature; rolled 5, 
10, 20, 40%. Material after each reduction tested immediately 


after rolling. 
Series II.—Rolled 5, 10, 20, 40% immediately after quench- 


ing. Aged for 7 weeks. ‘Tested. 
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Fia. 10.—The Effect of Sub-Critical Quenching and Rolling upon Ageing. 





In addition, one set of test-pieces was aged for 7 weeks and 
tested without any reduction. This could be treated as a 0% 
reduction in both series. Three tensile test-pieces were made from 
material from each set of reductions and the results were averaged 
as before. The curves of the tensile results plotted against the 
rolling reduction are given in Fig. 10. They show that the maxi- 
mum strength is considerably greater in both series than the values 
which had been obtained for pure strain-ageing without previous 
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water-quenching, after the same period of ageing. Series I. gives 
slightly higher values than series II. in the intermediate reductions. 
When the elongation values are considered it will be seen that there 
is a great difference between the two series. In series I. the elon- 
gation falls off rapidly with increasing reduction as in ordinary 
cold-worked unaged strip. In series II. the elongation only falls off 
gradually with increasing reduction; after 40% reduction it is even 
higher than the elongation of unquenched cold-rolled strip before 
ageing. Table III. shows the results for each series after two re- 
ductions (5% and 20%), together with comparison values for 
unquenched steels, with and without ageing. The latter results 
have been taken from the previous ageing curves for B steel. 


TABLE III.—T he Effect of Sub-critical Quenching and Cold-Work upon 
the Ageing Properties of B Steel. 














nan aleties a Quenched from 
Degree Unquenched. 680° CO. 
of 
— Property. Immedi- Series I. | Series II. 
%- ately after| Aged i? et? 
Rolling 1000 br. | Rolled, weeks. 
(20 Min.), Tested. Tested. 
5 Max. strength. Tons per 20 22 37°5 37-5 
sq. in. 
Elongation on 8in. % 22 17 4-9 9-8 
Elongation on 2in. % 37 29 9 14 
20 Max. strength. Tons per | 25 29 45 42 
sq. in. 
Elongation on 8in. % 6-6 4:5 0-2 7-0 
Elongation on 2in. % 14 10 1-0 11 


























In series I. cold-work has been performed on metal which has 
already become work-hardened internally owing to quench-ageing. 
In series II. cold-work has been performed on metal which, though 
potentially capable of an increase in hardness, is still in a meta- 
stable relatively soft state. 

Andrew and Trent’s results show that if ageing is allowed to 
take place first, on subsequent cold-working there is a considerable 
stabilising of the condition of the submicroscopic state of the 
carbide. The high internal energy of this system is stabilised, thus 
ae the coalescence of the carbide particles on tempering at 

50° C. 

On the other hand, the results shown in Fig. 10 indicate that if 
cold-work is applied before ageing, the ductility of the steel is 
preserved to a phenomenal extent. 

Consider first the effect where the submicroscopic precipitate of 
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carbide is stabilised by cold-work after ageing (series I.). This 
condition is one of considerable internal disturbance, and this is 
borne out by the fact that series I. shows a greater maximum 
strength than series II. At the same time, the ductility of this 
highly disturbed material is low. 

In series II., where the cold-work has been applied immediately 
after quenching, before ageing had really commenced, the stresses 
set up by cold-working have been relieved to some extent by the 
process of submicroscopic precipitation. This will leave the material 
with a more uniform distribution of internal stresses; consequently 
the maximum stress will remain high, because there are no large 
regions of highly overstrained metal to produce local weaknesses 
which will give rise to premature failure; the ductility will remain 
high because all parts of the metal are uniformly strained. 


Conclusion. 


The authors do not intend to enter into a discussion on the 
fundamental causes of strain-ageing. They do not think that their 
experimental results entitle them to do so. They consider, however, 
that the experiments on the tensile ageing properties of dead-mild 
steel strip reveal the exceedingly complex nature of the problem of 
strain-ageing; and, further, they consider that there is more than 
one fundamental cause of strain-ageing. The preliminary recovery 
observed in the experiments on tensile ductility indicates that there 
is a tendency opposing the normal ageing effect. In addition, the 
results obtained on the strain-ageing of sub-critically quenched steel 
suggest that a mechanical ageing effect, influencing the stress 
systems set up by cold-working the polycrystalline aggregate, 
should not be neglected. 
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APPENDIX. 
The Effect of “ Waisting.” 
The effect of reducing the width of the tensile specimen by 


various amounts in the centre of the gauge length was determined 
for steel in the annealed and cold-worked states, Fig. 11. Table 
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Fic. 11.—Method of Forming Waist on Test-Piece (exaggerated). 








IV. gives the results for D steel cold-rolled to 0-038 in., annealed 
and tested. 

Table V. gives the results for D steel cold-rolled to 0-051 in., 
annealed and rolled to 0-038 in. This represents steel of the same 
thickness as that used above but reduced 20% in thickness. 


TABLE IV. 



































Total Reduction of | Final Dimensions. | Max. Strength. Elongation on Elongation on | 
Waist. In. | In. ‘Tons per sq. in. 8in. %. | 2in. %. | 
Parallel 0-704 x 0-038 24-95 | 28:15 | 395 

2x 0:0025 | 0-698 x 0-038 24-35 24-55 | 37-0 
2x 0-005 | 0-694 x 0-038 24-65 | 2440 | 35:0 
2 x 0-010 0-685 x 0-038 24-55 21-15 32-0 
2 x 0-015 0-670 x 0-038 25-25 19-95 26-75 
2 x 0-025 0-651 x 0-038 25-10 17-45 26-0 
| 
TABLE V. 
Total Reduction | Final Dimensions. | ata Max. Strength. | Elongation on 


Elongation on | 














of Waist. In. Tons per sq. in. | Sin. %. Zin. %. 
Parallel | 0: 706 x 0-038 36- 65 9. , = 6-0 | 
x 0-005 | 0-694 x 0-038 36-6 2:3 6-25 
x 0-010 | 0-685 x 0-038 36-75 1-75 5-0 
< 0-025 | 0-651 x 0-038 36:8 1-1 3°05 
ui 





The serious error introduced by the practice of waisting is 
apparent from the results quoted in Tables IV. and V. 


The Effect of the Method of Preparation of Tensile Test-Pieces. 


Tables VI. and VII. show the effect of different methods of 
preparing the test-piece. All the tests were made with D steel; 
Table VI. refers to annealed strip and Table VIL. to strip rolled 20%. 
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It appears from these results that the milling finish to the edge 
gives the best results for annealed strip, the improvement in the 





























percentage elongation figures being particularly noticeable. The 
TABLE VI. 
= $$$ mae a a 
Res Elonga- | Elonga- 
Preparation. Size. In. | ee | tion on tion on | Remarks. 
| | sq. in, | 8 in. %r) Zin. %. 
As stamped 0-758 x 0-038 | 23-3. | 21-8 | 28-25 | Edges badly 
| crinkled. 
Stamped and | 0-704 x 0-038 | 24:95 | 28:15 | 39:5 
milled | 
— and | 0-725 x 0-038 | 24-53 25-7 | 37-25 || No edge | 
ilec effect. 
Stamped, milled | 0-694 x 0-038 24-65 24-4 | 35-0 | 
and filed | | | 
TaB.e VII. 
neler Max ee 
biinatoe | ai | Strength. | Elonga- Elonga- : ; 
paration. Size. In. Tons per tion on tion on Remarks. 
sq.in. | 8 in. %:| 2in. %. 
| a en, eae aoe | | — 
As stamped 0-759 x 0-038 | 34-75 2-1 | 6-75 
Stamped and | 0-706 x 0-038 | 36-65 2b | 6) | 
milled | | ll i 
Stamped nd | 0-732 x 0-038 | 36-32 | 2:3 | 55 |)}*O., Suge 
filed | { effect. 
Stamped, milled | 0-693 x 0-038 | 36-6 2:3 | 6-25 
and filed | | | | 





| 








effect of the method of preparation is much less marked on the 
heavily cold-worked strip, provided that the work-hardened edge 
due to stamping is removed. 


(This paper was discussed jointly with the preceding one by C. A. Edwards, 
F.R.S., H. N. Jones and B. Walters on “ A Study of ‘ Strain-Age-Hardening ’ 


of Mild Steel.’’) 
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JOINT DISCUSSION. 


The papers by Edwards, Jones and Walters on “A Study of ‘Strain- 
Age-Hardening > of Mild Steel,’’ and by Rodgers and Wainwright on ‘ The 
Strain-Ageing of Dead-Mild Steel Strip Used in the Pressing of Automobile 
Bodies and Accessories,’ were discussed jointly. 

Dr. T. SwinpeEN (Member of Council, Stocksbridge, near 
Sheffield), in opening the discussion, said it was obvious that both 
pieces of research had been very carefully planned and skilfully 
executed. To deal first with the paper by Principal Edwards 
and his collaborators, it was pleasing to his own firm to find that they 
had selected the temperature of 250° C., because it made it possible 
to compare a good deal of the work described in the paper with what 
had been done by his own company since his firm adopted many 
years ago a standard practice of straining 15% and reheating for 
30 min. at 250° C. for the determination of strain-ageing character- 
istics. The work had shown a definite relationship between the 
yield point after straining and the original yield point, and also a 
linear relationship between the degree of strain and the ultimate 
stress. That was added information of considerable interest. 

With the main point of the paper, that strain-ageing was not 
directly related to the oxygen content, the nitrogen content or the 
carbon content, he was in complete agreement, but in his view a 
little care must be exercised in interpreting the meaning of strain- 
ageing, because, if, as distinct from strain-age-hardening, they were 
considering strain-age-embrittlement, he would not be in agreement. 
The investigations with which he had been associated—the work 
had been published —had shown that with killed steel and non- 
killed steel of both open-hearth and Bessemer types, which inci- 
dentally meant a difference in nitrogen content, other things being 
equal they would increase in hardness at approximately the same 
rate and to approximately the same extent. But, according to 
whether the material was more or less completely deoxidised, there 
would be an extraordinarily large difference in the degree of tough- 
ness after strain-ageing as shown by a notched-bar test. That 
feature might not be of great importance in the case of strip or sheet 
material, but it was of considerable importance in the case of plate, 
section and bar material. The paper was clearly an academic 
study adding further information of a fundamental character on 
the subject with which it dealt, and as such he appreciated it very 
much indeed. 

Turning to the paper by Dr. Rodgers and Mr. Wainwright, 
this was again a very useful contribution, skilfully executed, and 
adding valuable information on the general problem considered. 
He himself would not have regarded it as particularly novel to 

_ 1} Journal of the Iron and Steel Institute, 1936, No. II., p.457P. T'ransac- 
tions of the North-East Coast Institution of Engineers and Shipbuilders, 1937-38, 
oo a ha Transactions of the Institute of Marine Engineers, 1939, 
jol. OI, No. 3. 
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discover the discrepancies which the authors had found in the 
relationship between the hardness values and ultimate stress and 
the relationship between those and the elongation under different 
conditions, because he thought that that had been shown before; 
but it was useful to have it confirmed in such a very careful way, 
and the definite if comparatively slight recovery after certain 
treatment might have very considerable practical significance. 

The note towards the end of the paper on the relationship 
between strain- and quench-ageing was perhaps outside the main 
subject of the paper. Personally, he subscribed to the explanation 
given with regard to quench-ageing, and he hoped that some day 
there would be a satisfactory explanation for strain-ageing. Pre- 
sumably further work must be done before that could be 
completely accepted; but, as the title of the paper did involve a 
practical application, namely, the pressing of automobile bodies and 
accessories, it was to be hoped that perhaps during the present 
discussion some lead would be given as to the practical bearing of 
the work on that important subject. 

All those engaged in the supply of sheet and strip were looking 
either for fundamental information on the one hand or, on the 
other hand, for a test which could be applied in the producers’ 
works which would make it possible to decide whether or not a 
certain batch of material would behave satisfactorily in deep- 
pressing conditions. It was well known that the Institution of 
Automobile Engineers had for some years been financing research 
to that end. He was well aware of the difficulties, and he knew that 
the view had been expressed that it was going too far to ask that a 
laboratory or workshop test should be devised which would give the 
information that was required. The objective was, however, 
so important that he felt very definitely that work should be pursued 
on those lines; because, having obtained such a test, it could be left 
to those who were engaged in production to apply that test to 
materials processed and treated in all sorts of ways, and it would 
not rest with the academic laboratories to take full advantage of 
such information. It would be welcomed and used extensively 
almost immediately. 

In both the papers considerable importance was attached to the 
influence of strain-ageing on the yield stress and, particularly 
in the paper by Principal Edwards and his collaborators, to the 
relationship between yield stress and ultimate stress. He had 
found a number of cases where very deep drawings were required 
in which the actual yield stress and the plastic range, the range 
between the yield stress and the ultimate stress, did appear to be 
the governing factors in determining the deep-drawability ; in fact, 
if one did a careful stress-strain diagram, one obtained more informa- 
tion from that than from any other form of test. 


Dr. W. H. Harrietp, F.R.S. (Vice-President, Sheffield), re- 
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marked that both the papers were, as Dr. Swinden had said, accounts 
of very painstaking research and they filled in certain gaps in the 
data, but he would deplore it very much if the inference were drawn 
from the paper by Principal Edwards and his collaborators that 
oxygen was not a serious factor in the mild steels in question. It 
was worth stating that the ordinary dead-mild steel of commerce 
in bar form, utilised on a very considerable scale for the production 
of bolts, if subjected to steam temperatures embrittled very badly. 
There was no doubt about that, and he was sure that Dr. Swinden 
would confirm it. That embrittlement was regarded as being due 
to the effect of the low-temperature treatment superposed on the 
cold-working effect introduced in tightening up the bolts. It was 
an experimentally demonstrated fact within his own experience 
on an extensive scale that if a steel were made of similar carbon 
content but very completely deoxidised, and if bolts made of it 
were submitted to the steam temperature and tightened up and 
cold-worked, then embrittlement did not take place. He regarded 
that as a very important metallurgical fact associated with mild 
steel, and he was sure that it was not the intention of Principal 
Edwards to suggest that that was not the case. 

It would be of interest if Dr. Rodgers and Mr. Wainwright 
could state the oxygen contents of their five steels. Presumably, 
in the case of the rimming steels the oxygen content was very high. 
He wondered whether the authors were in a position to make a 
statement on that point. 


Professor J. H. ANDREW (Sheffield) said that the paper on strain- 
age-hardening was an extremely good one and contained a great 
deal of most valuable information. It was always said that 
aluminium-killed steel was not brittle, but up to the present time he 
had never seen any notched-bar tests which actually proved that, 
and it was difficult to carry out such tests. The work of the authors, 
however, certainly showed that aluminium-killed steels aged just 
as much as unkilled steels so far as maximum stress and tensile 
properties were concerned. 

He was sorry to find no reference to the classic work of Muir 

which was reported in the Proceedings of the Royal Society, vol. 
77, 1906. Muir did some remarkably interesting tests, very similar 
to those of the authors, straining and tempering at 200° C. and 
increasing the maximum stress from 34 to 58 tons approximately. 
__ He was interested to note that the authors’ Fig. 3 showed the 
interesting recovery effect to which Dr. Rodgers had referred, and 
he would like to know whether they had an explanation of this, 
and why there was an increment in the elongation synchronising 
with the increment in maximum stress. 

Figs. 18 and 19 were referred to by the authors as being similar, 
but in reality the only similarity between them appeared to be that 
both curves were linear. The slopes of the curves were different, 
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and it would be noticed that 10 crystals per linear millimetre 
gave a yield stress of 9 tons per sq. in. in Fig. 18 and 6 tons per sq. 
in. in Fig. 19. That might possibly be due to differences in preparing 
the test-pieces. 

The curve in Fig. 7 showed a fairly even increment in the yield 
and maximum stress as the strain was increased. Did the authors 
differentiate between straining within the yield and straining 
beyond the yield? That was rather an important factor. He 
would also like to know what they meant by the statement on the 
penultimate page of the paper, where they said “In this way, 
the atoms at the crystal boundaries are restored to something 
approaching their original positions.” If that was so and the 
original state was restored, why should the yield point be raised ? 
In other words, why should a mass of crystals be collectively 
stronger than they were initially if they had been restored to much 
the same state ? 

The authors had shown very clearly that the yield was closely 
related to the grain size. He would offer another explanation 
of his own, namely, that, on straining, a certain reaction took place, 
probably owing to the heat generated, and therefore in the areas 
of slip a certain amount of iron was transformed to the y or face- 
centred condition, and that slowly transformed to the « state at 
ordinary temperatures and more rapidly at 200° C. That would 
lead to a recrystallisation for which a temperature of 250° C. alone 
was not sufficient to allow for recrystallisation to take place. 


Mr. J. H. WuiTezEy (Consett) said that on receiving an invitation 
to take part in the discussion of the paper by Principal Edwards 
and his collaborators, he had found himself in two minds. On the 
one hand he hesitated to discuss a subject to which he had not hither- 
to given much attention, but, on the other hand, he always welcomed 
a paper by Principal Edwards, whose work was invariably instruc- 
tive and frequently of much practical value. He (Mr. Whiteley) 
therefore felt that he ought to comply. The main feature of this 
study of strain-age-hardening was, he thought, that the authors had 
concentrated on its effect on the yield point, whereas usually it was 
the impact resistance that received most consideration. In that 
connection he wished to draw the authors’ attention to a paper by 
8S. L. Case, the metallurgist of the Jones and Laughlin Steel Corpora- 
tion, in which it was stated that steels of the same analysis and grain 
size could exhibit wide differences in their behaviour under impact 
when cold-worked. Case maintained that ordinary steels could be 
divided into two types, one of which he designated “ sensitive ” 
and the other “ insensitive.”” The authors’ results were, however, 
very consistent and did not show any such variations, probably 
because the yield point had been taken as the criterion. 

There was another test that he might mention which was 


1 Metal Progress, 1937, vol. 32, Nov., p. 669. 
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seldom used in the study of strain-ageing but which he believed 
was capable of giving useful information, and that was the bend 
test. It might not always be applicable, but in any investigation 
of the properties of such material, for instance, as steel plates, in 
which he was particularly interested, it should not be disregarded. 
For many purposes plates were used in the sheared state, and their 
edges were then, of course, in a heavily cold-worked condition. 
Now, occasionally when a sheared mild-steel plate was in process 
of flanging it would suddenly crack from end to end with a loud 
report. Consequently the workmen at once got the impression that 
the steel was hard and brittle. It was then his job to demonstrate 
that such was not the case, and in that. there was seldom any 
difficulty. He simply removed about ,\, in. from the sheared edges 
with a file at places where the plate was to be again bent and then 
almost invariably it would flange to the required angle without any 
sign of cracking. He had noticed repeatedly that plates which had 
a “ blue” shear were the worst offenders, and had little doubt that 
the trouble was connected with strain-ageing. In investigating 
this problem, he had, among other things, cut strips about 9 in. 
jong and | in. wide from an acid mild-steel plate ? in. thick and re- 
duced them under the steam hammer to about 3 in. thick. Some 
were hammered cold and one or two were afterwards heated to 
approximately 300° C.; others were hammered at about that tem- 
perature. All were then bent. Those which were not heated broke 
gradually with a fibrous fracture at an angle of well over 90°. 
The others snapped with a very ugly sound at a much smaller angle. 

Turning now to the contents of the paper, while it was evident 
that the authors laid great stress on the yield point, the exact 
significance of this property with regard to strain-ageing was by 
no means clear. In considering this matter he took it that if the 
yield point, or rather the limit of proportionality, was not passed 
in straining no subsequent age-hardening would occur. Obviously, 
therefore, it was the extension, or, in other words, the degree of cold- 
working, that mattered, and importance could only be attached to 
the yield point in so far as it affected the amount of strain which 
took place there. Now, with that idea in mind he had examined 
the authors’ results in order to find out how the different samples 
behaved under a definite amount of strain. Unfortunately in some 
cases the requisite data were not recorded, but, nevertheless, 
sufficient information was given to enable the effects of a 2-2-4% 
strain to be compared. ‘The results he had found appeared below : 


Yield Point Increment, 
Original Yield Point. Aged after 2-2°4% Strain. 


Steel. Tons per sq. in. Tons per sq in. 
OMO ‘ ; : : 8-9 4:2 
Killed ; é ; 11-6 45 
No. 1 : ; : : 12-2 56 
No. 2 12-6 5-2 
Aluminium 13-4 4-3 
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There was a little uncertainty about the OM0 figure, since the 
authors had some doubt as to the accuracy of the extension recorded 
in Table IV., but, judging from the figures given in Table VI., he 
thought an estimated rise of 4-2 tons in the yield point after strain- 
ing 2-2-4°% would not be far wrong. With regard to the two in- 
stances in which the increment value was over 5 tons, it should be 
noted that sample No. 1 contained 0-145°4 of chromium and 
sample No. 2 had 0-238°% of silicon. Taking these results as a whole, 
it could reasonably be said that an extension of 2—2-4°% caused a 
maximum rise in the yield point of mild and dead soft steels after 
age-hardening of 4-5 tons per sq. in. 

Having reached this stage he had then asked himself how 
pure iron behaved when equally strained, and could not find an 
answer. The authors had, however, plotted some results in Figs. 
10 to 14 obtained from sample O.V0 after it had been partly purified 
by a prolonged heating in hydrogen. He accordingly turned to 
these in order to get some idea of the increment to be expected with 
purer material. Unfortunately the yield points after an elongation 
of 2-0% were not recorded, so that a little imagination was needed 
to arrive at the probable figure. Nevertheless, extrapolation indi- 
cated that the increment for that hydrogen-treated sample was 
about 2 tons per sq. in., as against, say, 4-0 tons for the original 
sample. How then was the latter to be explained? He was satis- 
fied himself that the rise from 2 to 4 tons per sq. in. was not due to 
the presence of oxygen. In his opinion the work that the authors 
had done strongly supported their contention that oxygen played 
no part in strain-age-hardening. He thought, too, that both 
carbon and nitrogen could be dismissed. Certainly there was no 
indication in the paper that carbon had any important influence 
in that respect in dead soft steels, and, as some of the authors’ 
samples would be very low in nitrogen, it could be assumed that the 
yield point increment under consideration would still occur in the 
virtual absence also of that element. 

There was, however, another element which had _ hitherto 
received little attention in connection with strain-ageing, and 
that was sulphur. In bringing that forward he realised that he was 
venturing on very uncertain ground, yet, as he had already stated 
in his discussion of the paper by Bramley, Maddocks and Tateson,! 
there was some evidence to show that FeS was soluble to an appre- 
ciable extent in steel. There was no need to repeat those remarks 
on the present occasion; he would merely add to them by saying 
that quite recently he had examined an exceptionally clean steel 
in billet form, containing carbon 0-04°, manganese 0-10% and sulphur 
0-02%, and could find no visible sulphide in it. At the freezing 
point of ordinary steel there was reason to believe that both FeS 
and MnS were present, the proportion of the latter depending 
chiefly on the manganese content. Afterwards, as the solid steel 

1 See p. 620 P. 
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cooled down, the FeS either dissolved in the iron or was converted 
to insoluble MnS, and possibly the extent to which the FeS dissolved 
was affected by the rate of cooling or, in other words, by the size of 
the ingot. At any rate the likelihood that steel might hold some 
sulphur in solid solution should not be overlooked, especially when 
the manganese content was low. 

Now it was significant that the treatment in hydrogen of sample 
OM0, which had apparently lessened the yield point increment, 
would not only remove oxygen and carbon but would also, he 
believed, eliminate much of the sulphur from the steel. Unfortunately 
the authors did not give an analysis of this material after treat- 
ment. Again, in the case of the aluminium steel, which contained 
076% of manganese, so that less FeS would be present at freezing, 
the authors had found that the ratio of its new yield point to the 
initial yield point was only about 1-3, as against 1-4 for the other 
samples. Then, too, in support of this supposition, he would 
mention some work on colliery haulage draw-gear which had lately 
been published by Andrew, Jeffrey and Johnson. Those authors 
as a result of their investigation advocated the use of a steel contain- 
ing 0-1°% of carbon and 1-5% of manganese, and stated that such steel 
after heavy overstrain had an unusually high resistance to impact. 
Thus it could be reasonably surmised from all three instances he had 
mentioned that sulphide solubility might be concerned in the 
phenomenon of strain-age-hardening. Admittedly the evidence 
was not strong, but at any rate he thought it was sufficient to 
justify further inquiry. 


Dr. Davip Brynre (Irlam, near Manchester) expressed his 
pleasure that Professor Andrew should have referred to the work 
of Professor Muir on the question of strain-hardening.? Professor 
Muir, he said, published a paper in 1927 which contained results 
bearing on Principal Edwards’ paper. A point of the present paper 
seemed to be that the amount of strain was proportional to the yield 
stress. This, of course, did not hold for the overstrained yield 
points in steel. In the 1927 paper it was shown that the strain on 
repeated stressing to the yield point and ageing at 100° C. was not 
proportionai to the yield stress. It was found that when a steel was 
strained at the exalted yield point the extension could not be 
anticipated. On ageing at, say, 100° C. there would be a rise of 
about 4 tons, but the amount of strain at the new yield point might 
be a great deal more or a great deal less than could be expected. 
It was found that the rise at the yield point was usually constant; 
if a rise of 4 tons was obtained at the original yield point there would 
be a rise of 4 tons each time after that. 

Mr. Whiteley had raised a question about bending. In Professor 

1 Safety in Mines Research Board, Paper No. 100. 


= ° ——— Binnie, Journal of the Royal Technical College, Glasgow, 1927, 
ec., p. 24, 
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Muir’s work bending was carried out on steel which had been 
strained through three stages of the yield point; the yield point of 
the steel was raised 4 tons plus 4 tons, aged, and then bent. The 
object of those experiments was to study what happened to the 
steel in compression after having been given a strain in tension. 

Direct compression tests were not easy to carry out, and since 
the yield point of the steel on the side in tension could be forecast, 
the stress-strain curve, which was under a pure bending moment, 
could be analysed mathematically and it was possible to have an 
idea of what was happening to this steel, overstrained in tension, 
when put under compression. 


Dr. Hueu O’NEItt (Derby) said that the two interesting papers 
which had been presented covered well-known ground, and to his 
mind the most important consideration was that of Principal 
Edwards and his collaborators, who absolved oxygen from the guilt 
of strain-age-embrittlement. He therefore hoped that the authors 
of both papers would publish the oxygen figures for the steels used, 
together with the nitrogen contents, and he did not think that the 
element copper should be overlooked; Professor Andrew’s work 
had shown that copper could affect some of the steels, and he did 
not think that the copper figure had been given in any case. The 
inherent grain size would also be of interest. 

As Mr. Whiteley had mentioned, strain-age-embrittlement 
was not just an academic matter, for steel really did break in practice, 
and he himself had been interested in certain cases where the failure 
had been facilitated by the application of a temperature gradient 
to the cold-deformed metal. Two gradient-producing processes 
of which he was thinking were welding and flame-cutting. 

He had come across a case where some wagon bolts were being 
manufactured by bending over in the cold and afterwards welding 
one end to part of the structure. In a certain batch of steel those 
bolts after fixing broke in two in a brittle manner about 1 in. away 
from the weld. He found that the steel was a strain-ageing steel ; 
its hardness increased from 117 to 173 by stretching 12°, and 
ageing at 250° C., whilst the Izod impact value for the same treat- 
ment decreased from 73 ft.lb. to 5 ft.lb. By inserting thermo- 
couples in test-pieces it could be demonstrated that the region where 
fracture occurred was where the welding heat maintained a tempera- 
ture of about 200° C., thus showing that there was a point on the 
gradient where the ageing effect was accelerated by the welding 
process. By bending the bolts hot before welding the trouble was 
eliminated. 

Another case came to his mind where a welded wagon under- 
frame was impacted intentionally to see how it would behave 
in collision. The frame became buckled, and, since it was welded, 
it was not possible to knock off rivets to dismantle it for repair. 
It was therefore cut up with a torch, i.e., by flame-cutting. ‘The 

















STRAIN-AGEING.—JOINT DISCUSSION. 427P 


pieces of bulged framework when straightened afterwards in a press 
simply broke up into pieces in the vicinity of the flame-cut edges. 
The effect was most surprising to those used to this repair work, 
and it transpired that the steel was sensitive to strain-age-embrittle- 
ment. It was not very tough steel to start with, having an Izod 
value of only 15 ft.lb., but by the straining and ageing effect that 
was reduced to 5 ft.lb. and the hardness correspondingly increased 
from 143 to 214. By investigating the temperature gradient due 
to flame-cutting it was possible to show that the steel embrittled 
most in a region where the temperature reached a steady maximum 
of about 205° C. He therefore cut some of the deformed steel under 
water to make the gradient steeper and move the embrittled portion 
nearer to the burned edge. This procedure improved matters, and 
the Izod value was then reduced from 15 to 10 instead of 5 ft.lb., 
but the hardness went up just as much as before. This confirmed 
what Dr. Swinden and others had said, that the hardness test was 
not a very satisfactory guide by which to judge the degree of em- 
brittlement. 

As a sideline to the paper by Principal Edwards and his col- 
leagues, it would be interesting to have their views on the question 
of the drop of stress at the yield point in mild steel. There was some 
difference of opinion as to whether the yield horizontal did really 
come below the little crest at the beginning of the yield strain line. 
It had been suggested, e.g., by Welter, that the ordinary diagrams 
were merely due to defects of the testing machines, and that with a 
good machine, low in inertia effects, there was no drop in stress after 
yielding. Other testing technologists were convinced that there was 
a true drop of stress at the yield horizontal, but he gathered from 

‘ig. 5 that Principal Edwards did not obtain such an effect. It 
would be interesting to have his views on this point. 


Dr. L. B. Prem (Birmingham) remarked that it seemed to him 
that the relationship which Principal Edwards and his collaborators 
found between the initial yield stress and the increase in yield point 
after strain-ageing was essentially due to a coincidence. They 
showed that the greater the amount of prior strain the more the yield 
point increased. It so happened also that the extension at the yield 
was roughly a linear function of the yield stress. It followed, 
therefore, that the higher the yield point the greater was the strain 
at the yield point and therefore the greater was the increase in yield. 
In view of this he wondered why the authors paid so much attention 
to this relationship in discussing their results, and he found it difficult 
to accept without reserve their tentative explanations of the pheno- 
menon of strain-age-hardening. Professor Andrew apparently 
interpreted their explanation as meaning that the grain-boundary 
effect was of the first importance, but he received the impression 
that the authors were placing most reliance on the change in orienta- 
tion of the crystals which took place. Could it be, however, that 
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an extension at the yield of the order of 2-3% caused a change in 
crystal orientation sufficient to raise the yield point by 40% after 
ageing ¢ 





CORRESPONDENCE. 


Dr. E. H. Scuvunz and Dr. W. Piincrn (Dortmund, Germany) 
wrote that the very interesting results contained in the paper. by 
Rodgers and Wainwright confirmed again that the normally deter- 
mined mechanical properties such as the hardness, tensile strength 
or elongation often led to very contradictory results in regard to 
the tendency of sheets and strip to age. Thus in one case not only 
the hardness but also the elongation increased with the period of 
ageing, each in its own way. Such disagreements became of 
particular importance in regard to the application of the steel 
strip investigated and its cold-working by pressing, deep-drawing, 
stamping, &c. One must emphatically agree with the authors that 
for judging the quality of deep-drawing materials only the true 
deep-drawing ability in practice could be determinative. As a 
testing method, in which the behaviour of the material very closely 
simulated that in practice, W. Piingel, H. Kayseler and E. H. 
Schulz, at the Research Institute of the Vereinigte Stahlwerke A.-G., 
Dortmund, developed the so-called wedge-tensile-indentation test 
for the testing of deep-drawing materials. This had been described 
some years ago.! 

In investigating deep-drawing sheets by this method it was 
found that the tendency to ageing of such sheets could also be re- 
vealed very clearly by this test. In the production of cans from 
steel sheets obtained from two different manufacturers, the sheets 
from works A behaved perfectly, whilst those from works B showed 
marked cracks when the necks of the cans were shaped on the com- 
pression bench. The chemical compositions of the two batches of 
sheet were practically the same, and the ordinary Erichsen deep- 
drawing test on sheets 1-1-1-4 mm. thick gave excellent values for 
both. Also the curves for the final indentations after the wedge- 
tensile-indentation test on unaged steels hardly differed from one 
another, and offered no explanation for the unsatisfactory behaviour 
of the sheets from works B. Now, as a rise of temperature of the 
material to 150-200° C. during deformation under pressure had 
been observed, the specimens deformed in the wedge-tensile test 
were also heated to such temperatures, ¢.e., they were artificially 
aged. The final indentations then showed remarkable differences. 
After such treatment, the sheet from works A gave a final indenta- 


1 E. H. Schulz, W. Piingel and H. Kayseler, contribution to the discussion 
of a paper by Edwards and others on the effect of cold-rolling and annealing 
on mild-steel sheets, Journal of the Iron and Steel Institute, 1936, No. I., pp. 
172P-177P. 
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tion of about 75°, (the indentation before testing being taken as 
100%) for a cold-deformation in the wedge-tensile test of 20%, as 
compared with only about 25-35%, for the sheet from works B. 
Thus the embrittlement due to a marked tendency to ageing of 
the sheets supplied by works B could be determined by the wedge- 
tensile-indentation test. 

As in each wedge-tensile test the degree of deformation varied 
from about 0°, at the lower boundary of the wedge to a maximum 
value, depending on the dimensions of the test-piece, at the upper, 
originally wider edge of the wedge—about 40-60°,—this method 
seemed to be particularly suitable for investigations such as Rodgers 
and Wainwright had carried out. In this respect the close resem- 
blance of the mode of deformation to the deep-drawing process 
could be regarded as a special advantage. 





AUTHORS’ REPLIES. 


Principal Epwarps, in a preliminary reply, after thanking 
those who had taken part in the discussion, said that he would 
confine his attention to the removal of one or two possible mis- 
conceptions. He and his collaborators did not suggest that oxygen 
had no effect on steel, and that should be made quite clear; all 
that they suggested was that, so far as their evidence went, oxygen 
as such had no direct effect in increasing the amount of strain- 
age-hardening when the specimens had been aged at 250° C. They 
still left open the possibility of oxygen having some effect on the 
rate at which the hardening might develop at the ordinary tem- 
perature, and that was stated in the paper. He was glad that 
Dr. Swinden and Dr. Hatfield had drawn attention to the fact that 
oxygen had effects in many other directions. Other points raised 
would be dealt with in a written reply. 


Principal Epwarps, Mr. Jones and Mr. WauTErs wrote that it 
was necessary to deal more fully with some of the points raised in 
the discussion than was possible in the verbal reply at the Meeting. 

Concerning the question of Muir’s important work mentioned 
by Professor Andrew and Dr. Binnie, it was made quite clear, by 
the title of the authors’ paper and the work contained therein, that 
the chief aim was to study the strain-age-hardening of mild steel. 
Further, there were many other important researches to which no 
direct references were made. It was, however, clearly indicated 
where these references could be found. The object that the authors 
had in mind was to throw as much quantitative light on the subject, 
with regard to mild steel, as possible, with special reference to 
oxygen, low degrees of strain and the influence of crystal size. 
Muir’s work was almost exclusively confined to specimens con- 
taining appreciable percentages of carbon. ‘ 
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The authors completely failed to understand the significance of 
Professor Andrew’s remarks about Figs. 18 and 19. On the bottom 
of p. 375 P the authors said “On comparing Figs. 18 and 19, it will 
be found that the slopes of the two lines are different.” In view 
of this and the fact that the authors put forward tentative sugges. 
tions to account for the differences in the two sets of data, Pro- 
fessor Andrew’s observations in this connection seemed quite point- 
less. The authors’ answer to Professor Andrew’s request for their 
views on straining within and beyond the yield point would be 
found in their reply to Mr. Whiteley. 

Professor Andrew asked what the authors meant when they 
said “In this way the atoms at the crystal boundaries are restored 
to something approaching their original positions.”” The authors 
still hoped Professor Andrew would be good enough to read the 
whole of the paragraph from which he had taken the above extract. 
Professor Andrew had followed the above quotation by observa- 
tions which completely misrepresented the authors’ views. Whilst 
the authors still felt that the view they wished to convey was quite 
clear, they proposed to give a further brief indication of their 
meaning, in the following terms. First, they firmly believed that 
the characteristic break in the stress-strain curve which was known 
as the yield point was due to the crystal-boundary influences. 
During deformation by tension, either at the yield point or beyond 
it, the slipping within the crystals caused work-hardening. The 
degree of this particular form of hardening depended upon the 
extent of the strain. Thus, the crystals became stronger, i.e., more 
resistant to further strain. If, however, a specimen which had 
been strained in this way was again immediately tested in tension, 
there would be no indication of the usual yield-point phenomena. 
In the course of time, at the ordinary temperature, or if aged at 
250° C. for an hour, all the features of the yield point reappeared. 
The authors believed that this change with time, or ageing at 
250° C., was due to the atoms at and near the crystal boundaries 
re-acquiring the relative positions and properties that they had 
possessed before the initial straining. They made further observa- 
tions in this connection, but in no place did they suggest that 
anything of the same kind occurred inside the crystals. There 
was no foundation for Professor Andrew to imagine that there was 
any statement in the paper which justified him drawing such a 
conclusion. 

Turning now to Mr. Whiteley’s contribution, which the authors 
found especially interesting, they thought that much of this did 
not call for a detailed reply, because it related to phases of the 
subject which were not covered by the work in the paper. 

With regard to Mr. Whiteley’s treatment of some of their data, 
they were of the opinion that the position would be clearer by 
giving additional results which were not contained in the paper. 
With this in mind, they had prepared another diagram containing 
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all the results they had, in which the degree of strain at the yield 
points were plotted against the corresponding increase of the yield 
point after ageing (Fig. A). From this illustration it would be 
seen that, after straining at the yield point followed by ageing at 
250° C., the age-hardening as revealed by the rise in the yield points 
was proportional to the amount of initial strain. It was true that 
a small number of the results lay a little off the main trend. This, 
however, was no doubt partly due to the comparatively wide 
variations in the chemical compositions of the samples. 
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Now, with regard to the question of straining beyond the yield, 
which was raised by Professor Andrew, Mr. Whiteley and Dr. Pfeil, 
the position was, in some respects, different, at least in degree, but 
the authors did not therefore claim that it was necessarily funda- 
mentally different in character. To emphasise the difference in the 
effects of increasing degrees of strain, it was only necessary to 
examine the figures given in Table A. These corresponded with 
the results included in Figs. 6(a) and 7. Here, it would be noticed 
that there was a very definite decrease in the extent to which the 
yield point was raised, when expressed in terms of unit degree of 
strain, as the amount of strain was increased. Attention was 
drawn to these facts as a matter of general interest, and not because 
the authors thought that they indicated a fundamental difference 
in the character of the strain during the yield, as compared with 
that which occurred beyond the yield points. 

In reply to Dr. Pfeil, the authors would say that the relation- 
ship which they observed with regard to ageing after straining at 
the yield might be found to be simply a coincidence, or merely a 
necessary reflection of the more fundamental factor, namely, crystal 
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TABLE A, 
































Degree of Strain before Ageing. Rise in Yield Point. Rise in Yield Point per Unit 
%. sii Tons per sq. in. yey <n 
Killed Steel. 
2-30 | 4-5 | 1-91 
2-30 | 4-6 2-00 
4:5 | 8-70 1-93 
4-75 8-40 | 1:77 
9-25 12-40 1-34 
13-50 14-50 | 1-07 
13-50 14-60 | 1-08 
18-00 16-40 | 0-91 
18-50 16-90 0-91 
— Sanne 4 
Steel No. 1. 
2-20 | 5-60 2-55 
5-00 | 9-20 1-84 
10-02 13-50 | 1-32 
15-20 15-90 | 1-05 | 
20-80 | 0:86 
| 


17-80 | 


| 





size. For the time being, they were quite content to leave it for 
the future to decide. Nevertheless, in view of the rather excep- 
tional behaviour of mild steel at the yield point, a careful study of 
material, after straining to the lowest possible degree, was needed. 
Further, there were many facts which still required additional 
investigation and careful consideration before it could be said 
that the ageing ratio, after straining at the yield, was purely a 
coincidence. 

With regard to the last point referred to by Dr. Pfeil, the 
authors would, in part, refer him to their answer to Professor 
Andrew. In addition, they would also say that they did not believe 
that a change in orientation alone accounted for the raising of the 
yield point by 40%, after ageing. 

In the authors’ opinion, the net effects of straining, say, at the 
yield point, followed by ageing, were brought about by the following 
influences : 


(a) The crystal rotation during straining eliminated those 
orientations which offered the least resistance to deformation. 

(6) During the rotation, work-hardening occurred on the 
slip-planes, &c. 

(c) On ageing there was some kind of supplementary 
hardening on these disturbed planes. 

(d) The yield-point phenomena reappeared on ageing (at a 
40% higher value) because of the greater strength of the 
crystals in consequence of (a), (6) and (c) above. The charac- 
teristic features of the yield point in the form of a step in the 
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stress-strain diagram again became evident, because the crystal 
boundaries re-acquired the qualities that they initially pos- 
sessed. Further, the authors thought that the effective thick- 
ness of the crystal boundaries increased as a result of straining 
and ageing. 

Turning now to Dr. O’Neill’s contribution, the authors wished to 
say that a systematic study of the influence of varying percentages 
of different elements upon strain-age-hardening was now in hand. 
Copper was one of the elements which was receiving attention. 
Concerning the character of the stress-strain diagram at the yield, 
the authors were definitely of the opinion that there was a drop in 
the stress at the yield point of normalised mild steel. This, how- 
ever, might not be found if the crystals in the specimens were very 
large. With completely random orientation and small crystals, the 
authors felt that a drop in the stress must occur, and the views 
which they put forward on p. 383 P provided what they considered 
to be the most reasonable explanation of this. 


Dr. Ropeers and Mr. WartnwrRicut, in reply to requests from 
Dr. Hatfield and Dr. O’Neill for further information with respect 
to the compositions of the steels used, gave the analyses contained 
in Table B. 











TABLE B. 
a. tae eee A ne ee 
Steel, | Oxygen. Nitrogen. | Copper. Grain Size 
| %. | %. %. (McQuaid-Ehn). 

A ~ | a | we | ‘a 

B 0-019 | 0-007 0-04 2-3 

c | 0-017 0-008 | 0-04 4-5 

D | 0-021 | 0-0065 0-11 2-3 

B | 0024 | 0-085 | 0-08 2-3 











Though the discussion on the influence of oxygen and other 
elements was chiefly concerned with the views put forward by 
Principal Edwards and his collaborators, the authors would strongly 
endorse the view put forward by Dr. Swinden that the ageing of 
cold-worked mild steel as revealed by hardness and again by tensile 
tests, was at the most only remotely connected with the changes in 
the shock-resisting properties on ageing. 

In testing the suitability of thin strip for deep-pressing, the 
shock-resisting properties became practically meaningless, and so 
the authors felt justified in using the term strain-ageing with 
reference to those properties which played the most important 
part in the process, namely, the tensile properties such as hardness, 
elongation, &¢. 

The effect of ageing upon these properties appeared to be so 
different from the effect upon the resistance to shock that it was 
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probable that steels of an inherently brittle nature could give very 
good tensile and pressing performances. , Some recent experiments, 
though still unconfirmed, suggested that mild steel showing an 
intergranular carbide microstructure—a structure known to give a 
very low Izod value—would actually press better than strip which 
did not exhibit this apparently deleterious feature. 

The authors also wished to thank Dr. Schultz and Dr. Piingel 
for the information respecting the application of the wedge-tensile 
test to ageing phenomena. As they pointed out, the wedge-tensile 
test was important in that it gave probably a closer approximation 
to certain deep-drawing operations than did the simple tensile test. 
The authors chose the tensile test on account of the relative sim- 
plicity of the flow taking place. The Cold-Working Department 
of Sheffield University was now occupied with the problem of 
using the tensile test in such a manner that still more simple con- 
ditions of flow could be studied while yet retaining the essential 
connection between the tensile test and the deep-pressing operation. 
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NOTE ON DISCONTINUITIES IN THE RE- 
SISTANCE-TEMPERATURE CURVES OF 
COMMERCIALLY PURE IRON AND 
STEEL.* 


By C, SYKES, D.Sc., anp F, W. JONES, Px.D. (MANCHESTER), 


SUMMARY. 


Relative measurements of the temperature coefficient of com- 
mercially pure iron and steel have been made in the temperature 
range 50° to 450° C. The results show that the discontinuities in 
the temperature coefficient over temperature intervals of 3° C. are 
of the same order as the experimental error, 7.e., -+ 2%. This con- 
clusion is in agreement with the work of Burgess and Kellberg but 
not with that of Thompson and his collaborators. 


I.—INTRODUCTION. 


IN an investigation into the possibility of changes in iron and steel 
occurring in the temperature interval from 50° to 400° C., Thompson 
and his collaborators have determined the rate of change of electrical 
resistance with temperature. Using an annealed sample of Ameri- 
can ingot iron containing 99-9% of iron, they found discontinu- 
ities of from 30% to 100% in the temperature coefficient of resistance 
at the following temperatures: 55°, 100°, 120°, 140°, 220° and 
245°C. The behaviour of the material was reproducible. A sample 
of electrolytic iron’? containing 99-9% of iron was also examined, 
discontinuities of the order of 10-20% in the temperature coefficient 
being observed at 70°, 120°, 170°, 230°, 290°, 310° and 350° C. It 
was found, however, in this case that repeated tests did not always 
give discontinuities at the same temperature. The temperature 
interval covered by any one discontinuity was of the order of 10° C, 
The results obtained on steels were more complex, particularly in 
the case of high-carbon steels. 

Burgess and Kellberg,® in an investigation of the critical ranges 
of iron, determined the resistance-temperature curve of a sample of 
iron containing 99-8%% of iron. Their values of the temperature 
coefficient from 300° C. upwards show no discontinuities (see their 
diagram, p. 460). The method used to determine the temperature 
coefficient from the experimental measurements is not given, and 
as it appeared possible that it may have been estimated over tem- 
perature intervals so large that the discontinuities had been averaged 


* Received February 15, 1939. 
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out, the present authors have calculated a new set of values from 
their experimental data using temperature intervals of about 2° (. 
The maximum variations found in the temperature coefficient are 
+ 3% in the temperature interval 300-500° C. The accuracy of 
the measurements permitted a maximum estimated error of + 3%, 
and one would conclude therefore that the discontinuities, if 
any exist, are at least five times smaller than those observed by 
Thompson. 

It has been suggested that discontinuities are associated with 
transformations taking place in the iron or steel. The evidence for 
such low-temperature transformations has been summarised, and 
it is true to say that discontinuities in a large number of the physical 
properties have been reported from time to time. Various hypo- 
theses have been put forward suggesting that modifications take 
place in the temperature interval 50-450° C. in the iron lattice or 
electronic configuration of the iron atom or both, and that these 
modifications or transformations give rise to the observed discon- 
tinuities in physical properties. 

In this way changes in mechanical properties have been cor- 
related with anomalies in specific heat, electrical resistance, &c. 
It appears, however, that the specific-heat/temperature curve of 
annealed iron from 100° to 450° C. is reasonably continuous, i.¢., 
the material is free from transformations in this temperature in- 
terval. This conclusion is in agreement with the work of Burgess 
and Kellberg but not with that of Thompson, and it appeared 
desirable that further measurements of the variation of the tempera- 
ture coefficient of electrical resistance as a function of temperature 
should be made. 

The matter is of practical importance, since if it can be shown 
that structure-insensitive properties such as specific heat and elec- 
trical resistance vary continuously with temperature, then the 
reasons for the anomalous changes in mechanical properties can be 
sought from a consideration of such factors as grain boundaries, 
grain size, precipitation effects, &c. 


II.—EXPERIMENTAL ARRANGEMENTS. 


(a) Method used by Thompson and his Collaborators. 


Thompson and Whitehead made their resistance measurements 
on a wire specimen immersed in a gas-heated oil-bath which was 
kept well stirred. The temperature was measured by means of a 
mercury thermometer. Goffey and Thompson made further mea- 
surements in an electric furnace which had a uniform temperature 
zone extending over 6 in. The specimen, in the form of a spiral, 
was mounted in this zone, and stout copper connections were brazed 
to the ends of the spiral. 

Current and potential leads were fastened to the stout copper 
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connections outside the furnace. A current of about 2 amp. was 
passed through the spiral, and the e.m.f. generated was applied to 
the terminals of a galvanometer through a suitable resistance. The 
galvanometer reading therefore was roughly proportional to the 
resistance of the spiral. The temperature was measured by means 
of either a nitrogen-filled mercury thermometer or a thermocouple 
placed inside the spiral. The e.m.f. of the thermocouple was used 
to deflect a moving-coil galvanometer. 

The heating rate of the furnace was kept fairly constant by means 
of a number of resistances in series with the furnace winding. 
Readings of the galvanometer deflection recording the resistance 
were made at 2° C. intervals 4s recorded on the thermometer. The 
increase in deflection was about 24 mm. per ° C. and the deflection 
could be readily measured to } mm. The change in galvanometer 
deflection per ° C., A3/A0, was plotted against temperature and the 
resulting curves showed discontinuities. The present authors 
estimate that errors of + 20% in A8/A@ are possible with this 
arrangement owing to incorrect readings. Any change in heating 
rate will produce some discontinuity in the apparent-resistance/tem- 
perature curve unless the thermal capacity divided by the rate of 
heat absorption is identical for both the specimen and the temper- 
ature measuring device. The actual magnitude of these extraneous 
effects may be negligible, and Thompson found in certain check 
tests on copper that a substantially smooth curve was obtained. 


(6) Burgess and Kellberg. 


These experimenters used a fine spiral of iron wire and a fine 
spiral of platinum wire. These were heated in vacuo and the 
resistance of both spirals was measured alternately (to an accuracy 
of about 5 parts in 10°), using a sensitive potentiometer. The time 
at which the resistance of each spiral attained a definite value 
could be ascertained to 0-1 sec. The platinum spiral served as a 
temperature indicator, and by interpolation the resistance of the iron 
spiral was determined as a function of temperature. This method 
is practically ideal for testing whether real discontinuities exist, 
since the thermal capacities of the spirals are very similar. The 
heat transfer in vacuo is very low and this helps to minimise fluctua- 
tions in the heating rate of the spirals. 


(c) Present Experimental Work. 


The specimens, in the form of 1-mm. dia. wire, were prepared 
from some of the materials used in a previous investigation of the 
change in specific heat of iron with temperature. After drawing, 
the wires were annealed at 750° C. for 34 hr. in vacuo and then 
slowly cooled (60° C. per hr.) to room temperature. X-ray exami- 
nation showed that the wires were free from any lattice distortion 
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produced by the drawing operation. The composition of the 


materials used was as follows : 


C. %. Mn. %. Si 


L %. | i. = Ss. %, 
Armco iron . 4 . 0-018 0:02 0-008 
Swedish Lancashire iron. 0-01 0-01 0-008 Sa ve 
Steel No.6. ; . 0°43 0:73 0-20 0-037 0-038 


Resistance measurements were carried out in air in an electric 
furnace. The wire specimen, insulated by two thin sheets of mica, 
was tightly clamped between two blocks of copper. This arrange- 
ment prevents heat flow along the leads into the specimen and has 
the additional advantage that the temperature difference between 
the copper and specimen is very small (< 1° C.) at normal heating 
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rates. Thermocouple wires for temperature measurement were 
fastened by grub screws into the copper blocks. The assembly was 
placed inside two concentric copper tubes thermally insulated from 
one another and from a surrounding tubular resistance furnace. 
The temperature of the furnace winding was raised at a constant 
rate of 1-5° C. per min.; a thermocouple placed between the furnace 
wall and the outer copper cylinder actuated the automatic furnace 
control. It was hoped that this arrangement would raise the 
temperature of the copper blocks and specimen at a uniform rate. 
Actually, large variations in heating rate, -+ 10%, were observed 
which could not have been due to errors in measurement and which 
are ascribed to uncontrollable factors such as variable air convec- 
tion, &c. 

The above arrangement was therefore abandoned and an appara- 
tus was constructed in which the specimen could be heated in vacuo, 
see Fig.1. The wire specimen S was mounted inside a hollow copper 






















he 


- - 2®D 


we We & oF 











: 





RESISTANCE-TEMPERATURE CURVES OF IRON AND STEEL. 439P 


cylinder C, closed at both ends, which formed a uniform tempera- 
ture enclosure. The current and potential leads to the specimen 
were made of the same material as the specimen to minimise 
spurious e.m.f.’s and were clamped tightly between mica sheets where 
they entered the copper cylinder. The heat transfer to the speci- 
men was governed entirely by the temperature of the surrounding 
cylinder, which was measured using thermocouple wires fastened 
into holes in the walls of the cylinder. The interior of the cylinder 
and the wire specimen were blackened. At the heating rates used, 
the temperature difference between the wire and the cylinder was 
small (1° C.) and has been neglected. The cylinder C was placed 
inside a larger hollow cylinder D, also of copper, and the whole 
arrangement fitted inside a silica tube which was evacuated to a 
pressure of 10-* mm. or less. The cold junctions for the thermo- 
couple were in vacuo inside a glass tube which was surrounded by a 
thermos flask filled with ice. All leads were brought out of the 
vacuum through a multiple glass seal. 

A thermocouple was welded directly on to the winding of the 
furnace used to heat the silica tube, and this was used to actuate the 
automatic arrangement previously mentioned. The rate of rise of 
temperature of the block and therefore of the specimen was obtained 
by means of a potentiometer and sensitive galvanometer. The time 
was recorded at which the e.m.f. of the thermocouple passed through 
0-1-mV. intervals; the time intervals ty per 0-1 mV. (2-3° C.) were 
free from variations greater than those likely to be introduced by 
the method of measurement. An approximately constant current 
of 0-3 amp. was passed through the specimen, a large-capacity 6-V. 
battery being used as a source of e.m.f. Care was taken to eliminate 
the possibility of bad contacts, e.g., no sliding resistances were used 
in the circuit, so that the only change in the current through the 
specimen was a gradual decrease of not more than 0-5% during the 
course of the experiment. 

The rate of increase of resistance was determined as follows : 
The e.m.f. across the specimen was measured using a potentiometer 
and sensitive galvanometer, and the time, tg, taken for the e.m-f. 
across the specimen to increase 0-1 mV. was recorded. This increase 
corresponded to an increase in resistance of the specimen equal to 
2% of its resistance at room temperature, and was produced by an 
Increase in temperature of 3° C. The potential difference across a 
standard resistance in series with the specimen was measured at 
intervals, to check the current through the specimen. 


III.—ReEsvttTs. 


If Ry is the resistance of the specimen at 0° C. and R; the resist- 
ance at 7'° C. then: 


fiw R,(1 - [‘aar) 
0 
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where a is the temperature coefficient, and 
dRy 
on 

Experimentally two time intervals are determined: ty, the interval 

in seconds for the e.m.f. of the thermocouple to rise 0-1 mV., and 

tp, the interval in seconds during which the e.m.f. across the specimen, 

produced by a current #, rises 0-1 mV. : 

& x Sr 
ena. OP 3V 
where V is the e.m.f. of the thermocouple ; 


= aly. 
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The current i and R, are constant, 8V/87', which is the e.m.f. per 
° C. of the thermocouple, varies slightly with temperature but in a 
uniform manner, and therefore any discontinuities in t7/t, can be 
ascribed to discontinuities in «. Absolute measurements of « have 
not been made, as they have no particular advantage for this par- 
ticular problem. 

Fig. 2 shows values of t7/tg plotted against temperature, the 
specimen being a sample of Swedish Lancashire iron, and is typical 
of the type of result obtained. A smooth curve has been drawn 
through the points, and the percentage deviation of each point 
from the smooth curve has been ascertained. This, plotted against 
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temperature, is shown in Fig. 3. Fig. 3 (a) and (b) are curves 
obtained using Armco iron, Fig. 3 (c) and (d) using Swedish Lan- 
cashire iron, and Fig. 3 (e) and (f) using the carbon steel containing 


0-43% of carbon. 
It will be seen that the deviations are generally less than 2% 
and that there appears to be no correlation between the deviations 
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on different curves taken on the same specimen. In calculating the 
above data the authors have assumed that the heating rate of the 
copper block surrounding the specimen is free from discontinuities. 
— of the experimental arrangement this assumption is justi- 
able. 
The deviations shown in Fig. 3 can be accounted for by experi- 
mental error, since the value of tz is 100 sec. and can only be 
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measured to + 2 sec. The increase in e.m.f. in 0-1-mV. stages is 
liable to an error of + 1% in setting; consequently, maximum 
errors of + 3° may be introduced. 


IV.—DIscussion. 


The above results confirm the work of Burgess and Kellberg, 
and show that the changes in temperature coefficient of the present 
authors’ samples over temperature intervals of the same magnitude 
as those chosen by Thompson are quite small, 7.¢., at least 5 times 
smaller than those recorded by Thompson. 

The results of the present preliminary experiments indicate the 
difficulty of eliminating spurious effects, and the authors think it 
probable that the residual discontinuities obtained with the final 
apparatus, see Fig. 3, are also spurious and could be eliminated with 
improved technique. 
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Ablett Prize Paper. 


TEN YEARS’ DEVELOPMENT IN STEAM 
ENGINEERING AT THE PORT KEMBLA 
STEELWORKS, N.S.W., AUSTRALIA.! 


By H. ESCHER (Port Kemsta, N.S.W., AuSTRALIA). 


(Figs. 10 to 17 = Plates XXVI. to XXIX.) 


SUMMARY. 


The author reviews the developments in steam engineering that 
have taken place at the Port Kembla Steelworks of Australian Iron 
and Steel, Ltd., New South Wales, Australia, since the plant was 
put into operation in 1928. The paper is in two main parts. In 
the first, dealing with steam generation, the author describes early 
difficulties, the first boiler-house extension, the introduction of 
pulverised fuel and the conversion of the gas-fired boiler plant to 
use this material, the blast-furnace-gas supply, combustion chamber 
design, baffling and superheater location, the mechanical draught 
plant, combustion control and the instruments used, and the burn- 
ing of coke breeze. In the second part, dealing with steam utilisa- 
tion, the general distribution of the steam and its use in the 
blast-furnace plant, electric generators, open-hearth plant, rolling 
mills and by-product coke-ovens are discussed. 





PRopvuction activity at the Port Kembla Steelworks commenced 
in 1928, with the blowing-in of its first blast-furnace. During a 
decade of growth many new units have been added. The works now 
include by-product coke-ovens, two blast-furnaces with a combined 
daily capacity of 1850 tons of iron, five open-hearth furnaces with 
a yearly ingot capacity of nearly half a million tons, soaking pits, 
an electric blooming mill, rail and structural mill, continuous billet 
and sheet bar mill, and a merchant mill, and a plant for making 
centrifugally cast pipes. 

This paper deals with both phases of steam engineering: A.— 
Steam generation. B.—Steam utilisation. 


A.—STEAM GENERATION. 


The development of the steam-raising plant at the Port Kembla 
Steelworks is shown in Table I. and graphically in Fig. 1; this curve 
also closely depicts the general growth of the works. 


1 Received January 30, 1939. 
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TaBLE I.—Development of Steam-Raising Plant. 





1928. | 1938, 











Year | 
Number of boilers . | | 12 | 
Total capacity. Lb. per hr. | 120,000 | 830,000 | 
Average boiler capacity. Lb. per the 40,000 69,000 | 
Average boiler test efficiency. % . : | 55 79 | 








Steam raising is concentrated in a central boiler-house near the 
blast-furnace plant for the main section of the works. There is 
another smaller boiler-house supplying only the new by-product coke- 
oven plant. Blast-furnace gas is the principal fuel used, and 
auxiliary pulverised-fuel firing has been installed on all blast-furnace- 
gas-fired boilers. 
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1928 30 32 34 36 1938 
Fic. 1.—Development of Steam-Raising Plant. 


The volume of blast-furnace gas available for the boilers is 
sufficient to meet normal requirements and pulverised fuel is 
used for peak demands. During the major portion of the ten-year 
period under review there was only one blast-furnace in operation. 
As a consequence the continuity of gas supply has not always been 
satisfactory. In the early days a stoppage in the gas supply 
invariably resulted in long delays at the mill. This disability was 
overcome after the introduction of pulverised fuel, which at a 
moment’s notice can replace any deficiency in the gas supply. 
On the other hand, when mill delays occur, it is not always possible 
to prevent boilers from blowing off or bleeding some of the blast- 
furnace gas even after all the pulverisers have been shut down. 
In connection with an extension of the feed-water heating plant, 
a low-pressure hot-water storage system is being installed, which 
can absorb large quantities of excess steam. 
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(1.) Early Difficulties. 


The original boiler plant consisted of three Stirling water-tube 
boilers, each of 8000 sq. ft. heating surface, equipped for blast- 
furnace-gas firing and with grates for hand-firing, Fig. 2. The 
maximum output obtainable on these boilers was 40,000 Ib. per hr. 
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Fia. 2.—Original Gas-Fired Boiler. 
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of steam at 275 lb. per sq. in. and 515° F. The efficiency was low 
(55%), and the induced-draught fans were damaged frequently 
by the high stack temperatures. The blast-furnace gas, cleaned in 
a Brassert tower, carried much sludge into the burners and boilers. 
The burners blocked up rapidly, and, within a period of two weeks 
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after cleaning, the heating surface was so dirty that the stack temper- 
ature would reach 800° F. or more. A further effect of dirty 
heating surface was the reduction in superheat, a difference of about 
100° being obtained between a dirty and a clean boiler at 40,000 Ib, 
per hr. output. This was due to the dust lodging between super. 
heater elements and boiler tubes, the clearance between these being 
only small, and the main stream of flue gases would then flow 
behind the superheater instead of across it. Alterations carried out 
at a later date to the superheaters and front bank of tubes are 
described elsewhere. The burners were designed to give a correct 
gas-and-air mixture by maintaining equal pressures in the gas and 
air chambers of the burner, and an automatic regulator was provided 
for this purpose. The efficacy of this control method was interfered 
with by gas ports gradually blocking up and upsetting the gas-to-air 
ratio. As the gate valve in the gas supply main to each boiler could 
not be shut off tightly, it was not possible to clean the burners with- 
out inserting a slip plate in the gas main, or shutting the gas off 
the whole boiler-house by means of a water-seal located outside the 
boiler-house, either alternative being cumbersome. 

The steam demand in those early days was reasonably steady, 
but there was a periodic swing in the steam load from one boiler to 
another, although the boilers were fitted with the usual type of 
thermostatic feed-water regulators. These load swings were 
attributed to fluctuating gas pressure as the primary cause, and then 
to water-level fluctuations and unsatisfactory feed-pump pressure 
control. Another difficulty experienced was that the gas burners 
would become red-hot when firing by hand on the opposite side. 
As a whole, the performance of these boilers was most unsatisfactory. 
In the following pages the various alterations which have brought 
the boilers to their present degree of availability and efficiency will 
be described. 


(2.) First Boiler-House Extension. 


To meet the additional steam load for the new rolling mills 
then being erected, three new travelling-stoker boilers were installed 
in 1929-1930. Three different fuels were used on these stokers, 
coal, coke breeze and washery refuse. This latter fuel is a waste 
product obtained in the washing of run-of-mine coal at the Company’s 
mine, Wongawilli, situated some 8 miles from the works. At the 
same time it was decided to instal Ljungstrom air preheaters on the 
gas-fired boilers as well as on the new boilers. These could be 
fitted in the existing layout with only very minor alterations in the 
flue-gas ducts. The air was preheated to 500° F., and the stack 
temperature was reduced to 550° F. In addition to the preheaters, 
the stoker-fired boilers were provided with one more row of tubes 
in the last pass. 

Ignition of the washery refuse was maintained relatively easily, 
and the burning-out of the fuel was satisfactory, but the output 
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obtainable was only 35,000 Ib. per hr. The analysis of this fuel was 
as follows : 


Moisture as fired 3-5%. 
Air-dried sample. 


Hygroscopic moisture ‘ . 062% 

Volatile matter ‘ : ° 19-85% 

Fixed carbon . ° : ‘ 29:14% 

Ash ‘ ; ; ; . 50-39% 

Gross calorific value . ‘ . 6544 B.Th.U. per lb. 
Fusion temperature . , - 2370-2600° F. 


The high ash content combined with the low ash-fusion temper- 
ature caused the ash to arrive in solid slabs about 3-4 in. thick and 
up to 5 ft. wide at the end of the stoker, where they had to be 
broken up with bars and forced down the ash hopper. An efficiency 
of about 60% was obtained. 

An investigation into all the factors involved revealed that 
the burning of this low-grade fuel, in spite of its being a waste pro- 
duct, was not economical at the steelworks site, owing to high 
transport costs, high ash-handling costs, increased labour and 
maintenance and reduced output and efficiency. As a consequence 
the burning of this fuel was discontinued after a while. 

With coke-breeze firing, it was necessary to work with a slight 
pressure in the furnace, and this caused a dust nuisance because both 
the boiler setting and the stoker front were not tight. The perform- 
ance of the stoker-fired boilers with any of the above fuels and coal 
was far from satisfactory as regards their ability to meet the very 
severe fluctuating steam load from the reversing mills. Blowing-off 
and low pressures alternated, causing a waste of fuels or delays in 
mill operation. A further difficulty caused by the fluctuating steam 
load was surging in the boiler-water level and carry-over of water, 
which in one case damaged a turbine. Carry-over was a frequent 
occurrence, causing low steam temperatures, and contributed to 
superheater tube failure. The fluctuating steam load would not 
have had such severe effects on the boiler-water level if the rate of 
firing could have been adjusted rapidly enough to maintain a 
reasonably steady steam pressure. The large drop in steam pressure 
(at times from 270 to 200 lb. per sq. in.) due to a sudden load increase 
would result in violent ebullition of water in all parts of the boiler, 
even down to the bottom drum, and cause a sudden rise in the water 
level. Carry-over was not due only to the fluctuating steam load 
and pressure; the number of steam cross-over tubes between the two 
top drums had not sufficient capacity, causing too great a depression 
in the water level of the steam drum at high outputs. The number 
of these tubes was increased from 6 to 11, 3 of which were provided 
with automatic flap valves. 

Mechanically, also, the travelling stokers, which were 18 ft. 
long by 14 ft. wide, did not prove equal to their duty. The stokers 
were divided in five compartments, and the air was admitted from 
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the sides between the top and bottom chains. Much damage was 
also done to the stoker by fuel and clinker particles catching between 
the grate-bar fingers. ‘The driving mechanism had to be redesigned 
because it proved too weak. 

The average steam load was then 180,000 lb. per hr., with peaks up 
to 250,000 Ib. per hr. All six boilers were kept on the line to meet 
this load and there was no stand-by unit available. Furthermore, 
any interruption in the gas supply from the blast-furnace resulted 
in a shortage of steam and a slowing-down of the rolling-mill 
operation. Mill delays due to steam shortage headed the list of 
delays by a substantial margin. 


(3.) Pulverised Fuel. 

In 1933 it was decided to instal a pulverised-fuel-fired boiler, 
although the boiler manufacturers’ preference was for a travelling 
stoker of new design. The general arrangement of this boiler is 
shown in Fig. 3. The boiler was designed for a maximum continuous 
evaporation of 72,000 lb. per hr., but this figure was exceeded con- 
siderably in service. The boiler has practically the same heating 
surface as the other travelling-grate stokers and gas-fired boilers. 
The most important features adopted were : 


(1) The complete casing-in of the boiler, and insulation to 
reduce the heat losses. 

(2) A water-tube screen in the front wall opposite the burner, 
providing additional heat-absorbing surface in the combustion 
chamber. 

(3) Cross baffling with a view to keeping the flue-gas 
pressure drop low when firing this boiler with blast-furnace 
gas at a later date. 

(4) A dry steam drum, steam purifier and additional cross- 
over tubes to reduce the carry-over of water to a minimum. 

(5) The installation of forced draught on the discharge side 
of the preheater to reduce air leakage through it. 

(6) Dust disposal pockets under the mud drum. 

(7) Air-cooled “‘ Bigelow ” suspended refractory walls in the 
combustion chamber. 

(8) Centralised control and instrument board on the 
firing floor. 


Two Kennedy Van Saun ball mills were used on this boiler. 
These had previously served an old pulverised-fuel boiler at Lithgow. 
They were reconstructed and fitted with external classifiers. The 
boiler has worked for four years on straight pulverised-fuel firing; 
in 1938 it was fitted with a large gas burner and it now operates 
mainly on gas firing. 

The air-cooled furnace has given excellent service over this 
period, in spite of the high temperature of 2600° F. at the burner 
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level. Measurements made on this boiler show that the heat 
carried away by the furnace cooling air represents from 1-5 to 2.5% 
of the total heat input on pulverised-fuel firing. The average 
temperature of the air is 200° F. In the other boilers the hot air 
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Fia. 3.—Pulverised-Fuel-Fired Boiler. 


issuing from the air-cooled furnace is returned to the furnace 
via the pulverisers. 

The ash hopper construction provides for the cooling of the 
ashes by air infiltration. This cooling air is supplied by the forced- 
draught fan. This arrangement has not been very successful in 
this installation, and on a later boiler a water-cooled slag screen 
above the ash hopper was installed, see Fig. 5. 

1939—i 2G 
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(4.) Reconstruction of Original Gas-Fired Boilers. 

The performance of this first pulverised-fuel boiler was very 
satisfactory, and it was decided to reconstruct the three original 
gas-fired boilers on similar lines to this boiler, with the difference that 
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Fic. 4.—Reconstructed Gas-Fired Boiler. 


blast-furnace gas would be the principal fuel, and pulverised coal the 
auxiliary fuel. A cross-section through the reconstructed boilers 
is shown in Fig. 4. The combustion chamber volume was increased 
from 2750 cu. ft. in the old boiler to 5500 cu. ft. A dry steam 
drum, a front water-screen, and an air-cooled furnace were also 
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provided. The two gas burners were located together with the 
new pulverised-fuel burner in the opposite wall under the mud drum. 
A water-seal was placed in the gas supply pipe to each boiler, together 
with a gate valve serving as a mechanical shut-off. This arrange- 
ment was improved further in the latest conversions and will be 
described later. 

The gas burners were protected from the intense heat of the 
pulverised-fuel flame by a deep grid of brickwork. Fig. 10 shows an 
interior view of the burner wall with the pulverised-fuel burner in 
the centre and the two gas burners on the outside. In the first 
boiler to be converted, these burners were all placed at the same 
height. In the next two boilers, the gas burners were located lower, 
as shown in Fig. 4, to obtain better utilisation of the combustion 
chamber. 

Owing to pulverised fuel being used only in case of emergency 
and with a view to keeping the cost of reconstruction as low as 
possible, the flat bottoms of the old furnaces were retained and 
provided with an opening for disposal of the ashes direct into the 
ash basement, where they are picked up by motor lorries. 


TaBLE II.—Development of Gas-Fired Boilers. 












































Construction year: 1928. | 1935. | 1938, 
Dateoftet . . «. «| 10/4/29. | 7/9/38. |28/10/38. 
Boiler design ; : ‘ . | See Fig. 2. See See 
| | Fig. 4. | Fig. 5. 
Without With 
Air Air 
Preheater. | Preheater. | 

Boiler heating surface. Sq.ft. .| 8,000 | 8,000 | 8,500 | 8,500 | 
Furnace cooling. Sq.ft.  . : Se Rh cae 970 | 
Superheater. Sq. ft. . ; ; 420 420 600 680 | 
Combustion chamber volume. Cu. 

ft. . : = ‘ : . | 2,750 2,750 5,500 6,000 
Average steam flow. Lb. per hr. . | 37,500 | 40,000 | 54,300 | 77,000 
Steam pressure. Lb. persq.in. . 235 258 255 250 
Steam temp. °F. ‘ , ; 500 550 592 555 
Feed-water temp. ° F. ‘ : a 149 160 170 
Calorific value of gas. B.Th.U. per 

om. . . ; ; : 88-2 97-2 99 95 
Combustion chamber temp. ° F. . mee sa 1,900 2,200 
Boiler exit temp. ° F. ‘ ‘ 820 807 724 680 | 
Stack temp. ° F. ; ‘ ‘ ius 554 528 467 | 
Airtemp. °F. . ‘ ‘ , 78 S65 548 550 
Furnace pressure. In. W.G. : Sea 0-0 —0-2 —O-1 
Boiler exit pressure. In. W.G.  . —1:5 —15 —13 —1-6 
Preheater outlet pressure. In. W.G. er —21 —4-2 —4-2 
Efficiency. % . ‘ : ‘ 55 59 79-8 80 
Auxiliary power consumption. KW. | | 

per 1000 lb. of steam ad : 2-1 ee eee 1-5 
Preheater by-pass damper. ; os Open | Closed | Closed | 

| 
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Test figures taken on the old boilers and on the reconstructed 
units are given in Table II. The considerable increase in efficiency 
from 59 to about 80% is due mainly to a reduction in the heat 
losses through the boiler setting, better heat transmission through 
the boiler, better combustion conditions in the furnace, and cleaner 
and cooler blast-furnace gas. When reconstructing the boilers, 
quotations and drawings were obtained for blast-furnace-gas 
heaters, and the necessary space was provided for the installation 
of such heaters if required at a later date. With these heaters, the 
efficiency in gas firing would be raised to 87%. No economisers 
have been installed on these boilers, preference being given to the 
above type of heat-recovery equipment and regenerative feed- 
water heating. 

New induced-draught fans were installed, and the boilers are 
now operated with the flue-gas by-pass of the preheater closed. The 
location of the forced-draught fan on the suction side of the preheater 
has reduced the air leakage. The new Ljungstrom preheaters 
installed on two of the boilers have central bearing support. On 
this type of heater small seal clearances can be maintained over long 
periods of service and the air leakage is small. The forced-draught 
fans are located on the inlet side of these preheaters, as both the 
initial cost of the fan and the operating cost are lower than with the 
fan on the discharge side of the preheater. 


(5.) Conversion of Stoker-Fired Boilers to Pulverised-Fuel Firing. 


In 1936 an extensive programme of steelworks expansion was 
launched, calling also for increased steam-raising capacity in the 
boiler-house. To meet these requirements one of the chain-grate-fired 
boilers was converted to pulverised fuel and later, when the new 
1000-tons-per-day blast-furnace was being constructed, another 
stoker-fired boiler was converted to pulverised fuel and both 
boilers were fitted with blast-furnace-gas burners. A completely 
new pulverised-fuel boiler of 100,000 lb. per hr. capacity was also 
installed. This boiler was intended mainly for burning pulverised 
fuel and was fitted with a furnace, water-cooled on three sides, and a 
Bailey water-cooled ash hopper. The capacity of the converted 
stoker-fired boilers was raised from the old output of 45,000 Ib. 
per hr. to 85,000 lb. on pulverised fuel and 75,000 Ib. per hr. 
on gas firing. This was accomplished with the addition of only a 
small amount of water-cooling in the combustion chamber. A 
cross-section through one of these units is shown in Fig. 5. Test 
figures taken on one of these converted boilers are shown in Table II. 
alongside the corresponding figures obtained on the other recon- 
structed gas-fired boilers. It will be noted that the output was 
increased considerably without reduction in the efficiency. The 
higher furnace temperature is due to a new type of burner being used. 
This burner, which was designed by the combustion engineering 
staff of the steelworks, will be described later. 





pwd pees 


Oo wat ee 


ti 





AT PORT KEMBLA, N.S.W., AUSTRALIA. 453 P 


Each of these boilers is fitted with only one pulveriser and one 
pulverised-fuel burner. ‘The mills are of the high-speed impact type, 
and are quite satisfactory for the soft coals used. Their flexibility 
is of considerable advantage. The mill is started by push-button 
from the instrument board and is ready to give its full output 
within one minute. In some cases the mill is kept running empty 
and the coal supply is turned on or off as required; the coal flame 
lights up 10-15 sec. after turning on the coal. 

Only one of the stokers has been retained for the purpose of 
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Fia. 5.—Conversion of Stoker-Fired Boiler to Pulverised-Fuel Firing. 


burning excess coke breeze, which could not be utilised in the new 
boiler-house at the by-product coke-ovens. 

In 1938 an additional combined pulverised-fuel- and_blast- 
furnace-gas-fired boiler of 100,000 Ib. per hr. capacity on gas firing 
was installed. This has brought the total number of boilers in this 
boiler house to nine, with a combined capacity of 695,000 Ib. per hr. 
or an average of 77,000 lb. per hr. per boiler. This represents an 
increase of 200° in number and 500% in capacity, and this has been 
accompanied by an almost proportionate decrease in operating 
troubles and a large increase in efficiency. 
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(6.) Blast-Furnace-Gas Supply. 

The blast-furnace plant comprises two units, No. 1 furnace 
with a nominal capacity of 750 tons per day, and No. 2 furnace 
with a nominal capacity of 1000 tons per day. This latter unit 
has produced 32,464 tons over a period of 30 days, equivalent to an 
average of 1080 tons per day over this period. On a basic burden 
the furnaces produce about 134,000 cu. ft. of gas per ton of coke 
or 112,000 cu. ft. per ton of iron. The average calorific value is 
92-4 B.Th.U. per cu. ft. and the heat content of the gas is 103-5 
therms per ton of iron. On foundry iron the average calorific 
value is 99-5 B.Th.U. per cu. ft. and the total heat content of the 
gas 135-3 therms per ton of iron. 

No. 1 blast-furnace gas-cleaning plant consisted originally of a 
dust-catcher, Brassert tower and one Theisen disintegrator; this 
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Fic. 6.—Theoretical Flame Temperature of Blast-Furnace Gas. 





latter unit was designed to clean 45% of the total gas. The stoves 
had first call on the disintegrator gas, the boilers receiving the left- 
over, mixed with gas direct from the Brassert tower. Both the size 
and the water supply of the Brassert tower were not adequate for 
the large flow of gas when blowing the furnace at outputs above 
600 tons of iron per day. The result was a high pressure drop 
through the tower, a large carry-over of entrained moisture and a 
high gas temperature up to 130° F. 

Although the dust content of the gas was reasonably small 
(0-4 grain per cu. ft.), the wet dust in the gas caused serious 
difficulties in the boilers, because the dust was not dried out before 
it reached the boiler tubes, to which it would stick and bake to a 
fairly hard deposit. The high gas temperature affected the boiler 
performance adversely, because the high moisture content of the 
gas reduced the pyrometric efficiency of the burner and the flame 
temperature. In Fig. 6, the influence of the gas temperature on the 
flame temperature for gas of 90, 100 and 110 B.Th.U. per cu. ft. 
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is shown for gas temperatures varying between 60° and 140° F. 
This graph shows that a gas with a low calorific value and high 
temperature (100% saturated) has a flame temperature 500° F. 
lower than a cool gas of high calorific value. This difference in 
flame temperature has a considerable influence on the boiler per- 
formance. The above deficiencies in the gas-cleaning plant of No. 1 
furnace were rectified by installing an additional disintegrator and 
a new Brassert washer tower with a 100% larger area. 

In designing the gas-cleaning plant of No. 2 blast-furnace, 
particular attention was given to cooling the gas to a low temperature. 
The normal temperature now is between 65° and 70° F., giving an 
increase in flame temperature of about 250° F. as compared with the 
old conditions. To obtain this low gas temperature with the least 
water cost, two stages of cooling are used. The first cooling stage 
is supplied with water from the condenser discharge and blast- 
furnace-cooling return water; The temperature of this water 
varies between 80° and 95° F. In the second or final stage of 
cooling, water at a temperature of about 65° F. direct from the 
harbour supply is used. Both stages are in the same washer. 

Improved and larger types of disintegrators are used in the new 
plant, the comparison being as follows : 


New Plant. Old Plant. 
Units installed : 5 ‘ ‘ 2 
Total cleaning capacity. Cu. ft. per hr. . - 9,000,000 3,600,000 
Dust content, clean gas. Grain per cu. ft. é 0-007 0-035 
Power consumption. KWh. per 1000 cu. ft., . 
. ‘ P ° 0-1 0-17 


units fully loaded 


The above power consumption represents about 3-5% of the 
gas value, but this is more than compensated for by the improved 
boiler performance and efficiency, less cleaning and maintenance and 
more accurate adjustment of the gas-to-air ratio. 

The general layout of the gas-cleaning plant is shown in Fig. 7. 
Particular attention was paid, when designing the pipe-line layout, 
to the accurate flow-metering of the gas. The total gas is metered 
first in the long vertical main after the Brassert tower by means of a 
circular orifice. After the Theisen disintegrators, the gas splits into 
two streams, one going to the stoves and the other to the boilers, 
each of which is again independently measured. A bleeder has been 
installed after the disintegrators, which is also provided with a meter 
so that an accurate record of times of bleeding as well as quantities 
is available. The gas from both furnaces for the boiler-house is 
measured by one meter, and this quantity, together with other 
weighed quantities of solid fuels, is used to calculate the overall 
weekly and monthly efficiency of the boiler-house. 

The gas supply pipe to the boilers joins the boiler-house gas 
mains in the middle of the boiler-house (see Fig. 7). At this point 
a two-way water-seal is installed which enables one half of the boiler- 
house main to be shut off without interfering with the other section. 
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A similar type of water-seal is provided on each boiler. These seals 
consist of a bell, which is lowered over an open pipe, forming 
a water-seal and mechanical shut-off at the same time. The 
gas pressure is always on top of the bell, so that this shut-off 
device is safe even against a heavy blast-furnace slip. 
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Fic. 7.—Arrangement of No. 2 Furnace Gas-Cleaning Plant. 
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(7.) Combustion Chamber, Burner Location and Burner Design. 


The original gas-fired boilers, Fig. 2, had a precombustion 
chamber with two Steinbart burners. This precombustion chamber 
is a good feature, but the combustion chamber volume was small 
(see Table II.), and the velocities were high, and unless a correct 
air-to-gas ratio was accurately maintained in each nozzle of the 
burners, combustion was extended past the first bank of boiler 
tubes and the average furnace temperature was lowered. In the 
major reconstruction of the gas-fired boilers the furnace volume 
was increased from 2750 cu. ft. to 5500 cu. ft., and in the two 
boilers which were converted from stoker- to gas-firing the furnace 
volume was further increased to 6000 cu. ft. 

A combustible gas very intimately mixed with the correct 
proportion of air will burn with explosive intensity in a very small 
space. In a blast-furnace-gas-fired boiler, the burners, on account 
of their large proportions, spread over a wide area of furnace wall. 
It is not usually practicable to measure and control accurately 
the gas and air supply to each burner or each burner part separately. 
The best that can be done normally is to measure the total air and 
the total gas to the burners and maintain the correct proportion in 
the totals only. Even with burners giving intensive mixing, 
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correct mixing volumes are not assured at each burner. If there are 
auxiliary pulverised-fuel burners or if some of the gas burners are 
shut off at low outputs, there is bound to be some leakage of air 
or gas through these, upsetting the distribution at the other burners. 
It is therefore desirable to locate the burners as low as possible in a 
combustion chamber of large volume, so that intermixing of the 
jets from the various burners can take place and complete combus- 
tion with the minimum of excess air is obtained before the flue gases 
reach the convection heating surface of the boiler. If, on the other 
hand, the burners are located close to the heating surface, there is not 
much opportunity for such intermixing, the result being delayed 
combustion, a lower average temperature in the combustion chamber, 
reduced boiler output, and an increased difference in the steam 
temperatures between gas- and pulverised-fuel-firing when the 
superheater is located after a fair proportion of boiler convection 
heating surface. In Fig. 8 the effect of air deficiency or excess— 
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Fia. 8.—Effect of Excess Air, &c., on Flame Temperature, 


which can occur owing to inaccurate distribution amongst the 
burners—on the flame temperature is shown. In a boiler with two 
burners, one of which has 10% too much air and the other an equal 
deficiency of air, the flame temperature would be about 100° F. 
lower than if both had the accurate mixing volumes. 

Considerable improvement has been obtained at Port Kembla 
by locating the gas burners as low as possible and increasing the 
combustion chamber volume. Furthermore, by using high outlet 
velocities and designing the burner so that the flame has a slight 
downward direction, considerable general turbulence is created in 
the furnace, promoting general mixing. The development in 
combustion chamber disposition, burner location and observed 
flame direction is indicated in Figs. 2, 4 and 5 referred to in Table II. 

A new type of gas burner has been installed on boilers Nos. 2, 3 
and 4. This burner, a general view of which is shown in Fig. 11 
is divided in three separate sections, which can be shut off as required 
to maintain suitable velocities at various boiler outputs. Each 
section has two gas nozzles, giving high but shallow jets of gas 
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surrounded on all sides by jets of air. The combustion-chamber 
temperature in one of the boilers fitted with this burner is about 
300° F. higher than that in a similar boiler with the older type of 
burners. Further advantages of this burner are the small space 
requirements and the easy access to every part of the gas section for 
cleaning. 

The location of the burner at the bottom of the furnace has 
another advantage for combined gas- and pulverised-fuel-fired 
boilers with water-cooled furnaces. With the gas burner located 
high, the major part of the furnace is cool when firing with gas; 
when changing over to pulverised fuel, the sudden increase in 
combustion-chamber temperature causes an undesirable rise in the 
boiler-water level. 


(8.) Baffling and Superheater Location. 


In the reconstruction of the gas-fired boilers, the baffling arrange- 
ment was changed from longitudinal to cross-flow. In the original 
boilers, the second pass was a bottle-neck, the velocity there being 
nearly twice as high as in some of the other passes. In the recon- 
structed boilers the free-flow areas were dimensioned for a mean 
velocity of 34-38 ft. per sec. The total length of the flue-gas path 
across the boiler is 50 ft., and at maximum output the pressure 
drop is 1-6 in. W.G. (no correction made for stack draught effect). 
The calculations of heat transmission through tubes and heat 
radiation of the triatomic gases CO, and H,O were based on the 
work of Reiher and Schack.! 

By comparing Fig. 2 with Fig. 5 it will be noticed that the last 
bank of boiler tubes has been increased from 5 to 7 by adding a 
new row and transferring another from the front bank. Each 
alternate tube of the first row in the front bank was placed well 
forward into the furnace to provide larger spacing between the 
tubes at this point. 

The superheater arrangement has also undergone a gradual 
development, as can be seen by comparison of Figs. 2, 4 and 5. 
For a while the replacement of burnt-out superheater elements 
was one of the heaviest maintenance items. All the superheater 
elements were in the first pass originally, and it was difficult to 
keep them in their correct position owing to the burning-out of the 
supporting clamps. The heat transmitted per square foot of super- 
heater was from two to three times as high as that of the usual 
superheater located in the second boiler pass. In No. 4 pulverised- 
fuel-fired boiler the rate of heat transfer was 15,350 B.Th.U. per 
sq. ft. per hr. as compared with 5000 B.Th.U. per sq. ft. per hr. 
for other pulverised-fuel boilers with the superheater located in the 
second pass. Under these conditions a slight carry-over of water 
would cause trouble. Another contributory factor to tube failure 
was the fluctuating steam load. When the mills stopped, after a 

1 A. Schack, ‘‘ Der industrielle Warmeiibergang.” 
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heavy pull which decreased the steam pressure, the boiler pressure 
would pick up again, but the steam flow through the superheater 
was greatly reduced, causing overheating of the tubes and excessive 
steam temperatures. The firing on the chain-grate-fired boilers 
burning coke breeze and washery refuse was not flexible enough 
to follow the mill-load fluctuations. This source of trouble has 
been greatly reduced by the more flexible method of firing and 
by the gradual increase in steam load and therefore smaller effect 
of the mill load on the total load (see “‘ Distribution,” below). 
Double-loop elements suffered most damage, because the 
steam velocity through them was the lowest. In the reconstructed 
boilers all double-loop elements were placed with their ends in the 
second pass, but trouble with the clamps of elements in the first 
pass still persisted, and finally all superheater elements were 
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Kia. 9.—Temperature of Flue Gases in Boiler. 


placed with their ends in the second pass. A larger number of 
double-loop elements were used to counteract the lower flue-gas 
temperature in the new location. Owing to the high pressure- 
drop through the superheater at the increased boiler output, the 
superheater tubes were increased in size in the last two boiler 
conversions. 

Depending on the location of the burners, the furnace con- 
struction, and the location of the superheater, there can be a con- 
siderable difference in steam temperature between pulverised-fuel 
and blast-furnace-gas firing, which in some recent and modern 
installations has necessitated the addition of automatic desuper- 
heating equipment. The high furnace temperature obtained with 
pulverised-fuel firing and the location of the superheater in the Port 
Kembla installation give a remarkably even steam temperature 
between gas and pulverised-fuel firing, the difference being approxi- 
mately 30° F. at maximum output. In Fig. 9 the temperature 
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drop of flue gases as a function of the heating surface is shown for 
both pulverised-fuel and gas firing. From this it will be seen that the 
temperature difference between the flue gases and the steam is much 
smaller when firing with blast-furnace gas, and this partly com- 
pensates for the considerable increase in the heat transfer rate 
due to higher flue-gas velocities with gas firing as compared with 
pulverised fuel. In many boilers the superheater is located after a 
considerable amount of boiler heating surface, and this will cause 
a considerable increase in steam temperature when firing blast- 
furnace gas as compared with pulverised-fuel firing. 

Fig. 9 applies to boilers with a superheater arrangement as 
shown in Fig. 4. With all the superheater elements located with 
their ends in the second pass the temperature difference between 
gas and pulverised-fuel firing is slightly more than that mentioned 


above. 


(9.) Mechanical Draught Plant. 

The original induced-draught plant consisted of multi-vane 
fans operating at a speed of 360 r.p.m., and the efficiency was 
between 45 and 50%. All the induced-draught fans on the gas- 
fired boilers have now been replaced by high-speed, backwards- 
curve-bladed fans having an optimum efficiency of 69%. Some of 
the older forced-draught fans were also replaced by high-efficiency 
fans. A further saving in power and maintenance has been effected 
by using all variable-speed motors. These are all of the A.C. 
slip-ring type, with speed variation by rotor resistance control 
in 9 to 16 steps. The total saving in power consumption has been 
between 200 and 300 h.p. for the whole boiler-house. 


(10.) Combustion Control and Instruments. 

Full automatic combustion control has not been installed on 
any of the boilers, but as blast-furnace gas is the major fuel, auto- 
matic controllers for the air-to-gas ratio have been fitted to all 
gas-fired boilers. On all the boilers except the last installation, the 
gas and air nozzles in the burners are used as metering elements, 
and the pressure ratio upstream of these nozzles is maintained 
constant by a controller. This was the best arrangement which 
could be adopted with the existing layout of air ducts. In the latest 
installation, No. 0 boiler, the ducts were designed so that the air 
to the pulverised-fuel and gas burners could be measured separately. 
A venturi tube is placed in the air supply ducts to the burners. 
The gas is metered by means of a circular orifice, and the propor- 
tional flow of air to gas is automatically maintained by a ratio 
controller. On the original boilers only a few instruments were 
provided and these were mounted on a wooden board. The next 
step in 1930 was to provide an instrument board made of cast iron 
and fitted with flush-mounted thermometers and a steam-flow 
indicator. Circular ducts were installed for the air supply 
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PLATE XXVI. 





Fic. 10.—Burner Wall in Gas- and Pulverised-Fuel-Fired Boilers. 
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Fic. 12.—Instrument Panel of No. 4 Boiler. 
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Fic. 13.—Instrument Panel of No. 0 Boiler. 











TI, Pirate XXVIII. 





Fic. 14.—F¥low-Meter Board of No. 0 Boiler. 
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: Fic. 15,—The Coke-Oven Boilers. 
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to the boilers, so that the air supply could be measured 
by means of an orifice. An indicating air-flow meter, fitted with 
an adjustment for air temperature variations, was also provided. 
When the first pulverised-fuel-fired boiler was erected in 1934, 
remote controls were provided for all dampers and also fan speed 
controls. ‘These were arranged around the instrument panel, see 
Fig. 12. The electrical equipment available was not very suitable 
and the general effect was not one of pleasing uniformity. Fig. 13 
shows the improved instrument panel for No. 0 boiler. 

A single rope system is employed for all remote-operated 
dampers, the winches being installed inside the panel, and the 
rope is connected to an indicator showing the position of the damper. 
This arrangement works very satisfactorily and some of the dampers 
are more than 100 ft. distant from the control panel. 

Starting, stopping and speed control of the various motors 
are effected by push-buttons from the instrument board. With 
the many burners used on these boilers a considerable number of 
draught indicators are required. These are combined in a very small 
space in a direct-reading oil level gauge. The pressures on both the 
air and the gas side before and after the preheater are indicated 
by this gauge, and the pressure drop through it can easily be 
visualised. The flue-gas and air temperatures are measured with 
thermocouples or resistance thermometers. The steam temperature 
is recorded and indicated by means of a mercury-in-steel thermo- 
meter. 

Each instrument panel has a central indicating flow meter 
board. Fig. 14 shows the arrangement for No. 0 boiler. On this 
boiler the combustion air to each of the two pulverised-fuel burners 
is measured independently, as well as the primary air, the air to the 
gas burner and the blast-furnace gas. All the meters for these flows 
are mounted on the flow board above and below the steam-flow 
indicator, which is in the centre. All the air- and gas-flow meters 
have a correcting device for the air temperature and for the calorific 
value of the gas, respectively. No correcting device is provided 
on the steam-flow meter for temperature variation. The steam- 
flow meter reads high for high steam temperatures, but the indication 
on a B.Th.U. basis is substantially correct, because the heat content 
of the steam increases nearly in the same proportion as the increase 
in the flow-meter reading, as shown below : 

Steam temperature reduced from 600° to 540° F. 


Decrease in meter reading ‘ ‘ ; « 29% 
Decrease in B.Th.U. content of steam . ° ~ 22% 


Difference ‘< ; F d ‘ - O&7% 


Below the steam-flow meter is located the gas-flow meter, the 
scale of which is marked in million B.Th.U.’s heat input. Below 
this again is the air-flow meter for the air to the gas burners. For 
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correct operation, the steam, gas and air flow should be on one line. 
A B.Th.U. recorder is installed on the back of the board, so that 
adjustments to the gas-flow meter can be made. The adjustment 
to the gas-to-air ratio as required by the flow board is obtained by 
turning the knob of the ratio controller located alongside the flow- 
meter board. The gas-flow meter indicates also the amount of 
steam raised from blast-furnace gas. If combined firing is used, 
the proportion of steam raised from gas and from coal is indicated 
by the flow board. 

The air-flow meters for both pulverised-fuel burners are located 
above the steam-flow meter. The secondary air-flow meters 
have a dual adjustment for air temperature and for operation of the 
boiler on one or two burners. With this flow board it is possible 
to proportion the air flow to each of the pulverised-fuel 
burners and the gas burners for conditions of fuel firing with one or 
two coal burners, and each fuel separately. The coal supply to 
each of the two mills is controlled by speed variation of the feeder- 
table motor, the speed of which is indicated by the control wheel 
position. So as not to overload the instrument panel with instru- 
ments which are not easily readable from a good distance and are 
not essential for operation, the recording and integrating gas, 
air and feed-water meters are installed on the back of the board. 


(11.) Burning Coke Breeze. 

In 1937 a battery of 72 by-product ovens having a weekly coke out- 
put of 9000 tons was constructed. Consideration was given to supply- 
ing steam to this battery from the main boiler-house, which is located 
some 3700 ft. away. Additional coke-breeze burning capacity was 
however, required, and the final choice was a new boiler-house 
located alongside the new coke-ovens. The installation consists 
of three boilers, each having a maximum rating of 40,000 Ib. per hr. 
on straight coke-breeze firing and 45,000 Ib. per hr. on combined 
coke-oven-gas and breeze firing. The general arrangement of the 
boilers is shown in Fig. 18. The steam conditions at the stop 
valve are 275 lb. per sq. in. and 675° F. maximum. The heating 
surfaces are as follows : 


Boiler ; : : . 6670 sq. ft. 
Furnace water- cooling . ; : . 400 sq. ft. 
Superheater ; ; . , - 1300 sq. ft. 
Air preheater ; : : ; . 2430 sq. ft. 


The stoker has four compartments, with independent air control. 
The surface of the grate is 189 sq. ft. The average breeze burnt 
has the following characteristics : 


Moisture . ; : : j ; ; 16% 
Ash (dry) . ‘ ; ; . 20% 
Heating value as fired : : : . 9620 B.Th.U. per lb. 


Sizing, percentage cumulative. On { in., 2%; }in., 5%; Zin., 15%; 
}in., 27%; in., 48%; 4 in., 66%; through 4 in., 34%. 
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Each boiler has a double bunker, holding 30 tons of coal and 
60 tons of coke breeze. ‘Travelling chutes prevent segregation of 
the fuel in the stoker hopper. ‘Two chutes are used to cover the 
entire width of the stoker. The chutes are of rectangular section, 

with a middle partition wall dividing them into twoseparate channels, 
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Fia. 18.—General Arrangement of Coke-Breeze-Burning Boilers. 


one for coke and the other for coal, each feeding into a separate 
compartment of the stoker hopper, so that the two fuels can be 
fired in separate layers. A ‘‘ Gako ” coke-oven gas burner is located 
in each wall. These burners are ordinarily used only over the week- 
end, when there is a surplus of coke-oven gas. They are well 
protected from the furnace heat by a special tile. 
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Best operation of the boiler is obtained with coke breeze having 
about 20-25%, of fines and all sizing below 2 in. As will be noticed 
from Fig. 19, the combustion chamber has a small front arch and 
a long back arch. The method of operation is to maintain the main 
combustion zone well to the rear, under the back arch. No air is 
admitted to the two first compartments, the third compartment is 
slightly open, and the last full open. A pressure of 1-0-1-5 in. 
W.G. is carried in the windbox. The blast of air from the last 
compartment blows the incandescent particles from the fuel bed 
against the back arch, from which they are deflected in a regular 
shower right on top of the green fuel as it enters into the combustion 
chamber. This produces an excellent drying of the wet fuel. 
The contours of the fuel bed are shown in Fig. 19. Immediately 
in front of the back arch the fuel builds up to a height of 12-15 in., 
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Fic. 19.—Combustion Chamber and Fuel-Bed Contours. 


the original height of fuel at the gate being only 3}4 in. As the 
stoker moves forward there is a regular “ landslide” of fuel from 
the “‘ mountain,” which produces a supplementary heavy shower of 
sparks, sufficient to cover the whole stoker surface with a layer of 
incandescent fuel particles. With fuel of suitable sizing there is very 
little combustible in the ashes. Air for the stoker is preheated to 
280° F. maximum. 

Both induced- and forced-draught fans are driven by variable- 
speed A.C. slip-ring motors controlled from the instrument board. 
An uninterrupted steam supply being of the greatest importance to 
the coke-ovens, a small generator was coupled up with the steam 
turbine driving the salt-water pump in the basement of the boiler- 
house. This generator, of 100-kVA. capacity, can drive the auxili- 
aries of two boilers at normal output. Normally, at least one boiler 
is supplied with power from this generator. 
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A noteworthy feature of the boiler-house is the ample space 
provided between the boilers and the good natural lighting. Only 
one fireman is on duty, and the instrument boards are located so 
that they can all be seen at once, Fig. 15. The ashes are conveyed 
by a low-pressure sluicing system to a low-lying piece of ground 
which will take about 20 years to fill. 

One hundred per cent. make-up feed is used on the boilers, as 
some of the condensate is oil-contaminated and it can be used to 
greater advantage in the coke-quenching station. The feed-water 
treatment, heating and pumping plant is located at the end of the 
boiler-house and requires very little attention in service. The raw 
water is obtained from two storage tanks, located at the top of the 
boiler-house; they provide 3 hr. supply and can also be used as 
measuring tanks for testing purposes. A chemical proportioning 
device is provided at this point. The water flows then by gravity 


246,000,000 /b. of steam = /00%. 
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Fic. 20.—Monthly Steam Distribution. 


through a de-aerating heater, then through a surface heater to the feed 
pumps, the high elevation of the tanks providing sufficient head 
to run the steam-driven high-speed feed pumps with water up to 
a temperature of 215° F. Heating steam is obtained from the feed 
pumps and the turbine driving the generator. A continuous 
blow-down system is provided, the flash steam being returned to the 
feed-water heaters. A heat exchanger extracts the heat from the 
boiler water before it runs into the drain. A main instrument 
board is provided for the boiler-house; it includes a pH recorder, 
a total feed-water meter, a meter measuring the total steam to 
the coke-ovens, storage-tank-level indicators, a feed-water temper- 
ature recorder and various other pressure gauges. 


B.—SteaM UTILISATION. 


(1.) General Distribution. 
The distribution of steam amongst the various main units of 
the works is shown in Fig. 20. The figures indicated are the 
1939—i 2i 
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consumptions for a month on full operation. As previously 
mentioned, the coke-ovens are supplied by their own boilers, which 
are not connected with the steam supply system on the main part of 
the works. All the major units use the steam at the full pressure of 
250 lb. per sq. in. Auxiliary units around the mills and blast- 
furnaces and at the open-hearth use steam at a reduced pressure 
of 90-150 lb. per sq. in. Several of the reducing valves are located 
after a considerable length of piping, and the pressure in front of the 
reducing valve varies considerably according to the steam flow, 
which interfered with the proper operation of these valves. This 
trouble was overcome by replacing the ordinary valves with relay- 
operated valves. The use of steam outside the power-house has 
been gradually restricted by the increased use of electric drives on the 
rolling mills. For the new continuous billet and sheet bar mill a 
steam-driven flying shear has been installed, and on the blast- 
furnace the original electric drive of the bell has been replaced by a 
steam drive. 

The replacement of steam drives on the mills has resulted in 
considerable savings. 


(2.) Blast-Furnace Plant. 


The power required per ton of products is several times greater 
for a blast-furnace than for a rolling mill. The greatest percentage 
of this power is used for supplying the air blast. The blowing 
equipment of the blast-furnace is located in the main power-house 
and consists of two turbo-blowers and one reciprocating stand-by 
unit having a capacity of 45,000 cu. ft. per min. Particulars of the 
two turbo-blowers are given in Table III. 


TasBLeE III.—Particulars of Turbo-Blowers. 








No. 1 Turbo- | No. 2 Turbo- 
Blower. Blower. 





Normal design capacity. Cu. ft. per min. . 
Normal design blast pressure. Lb. per sq. in. 


50,000 65,000 
21-5 

















Actual average blast pressure. Lb. per sq. in. 17 18 
Maximum pressure. Lb. persq.in. . ; : 34 33°5 
Maximum volume at 22 lb. per sq. in. Cu. ft. 

per min. " 4 F - ‘ F - | 65,000 87,000 
Maximum speed. R.p.m. - é ‘ ; 2,620 2,950 
Number of stages in blower ‘ 2 ; 5 4 
Turbine output. H.p. . : ; : ” 5,700 8,200 








Under normal operation No. 1 blower supplies No. 1 blast- 
furnace and No. 2 blower No. 2 blast-furnace. The blowers are 
interconnected, and it is possible to blow No. 1 furnace with No. 2 
blower if No. 2 furnace is down. It is also possible to blow No. 2 
blast-furnace with No. 1 blower and No. 1 furnace with the recipro- 
cating blower. This blower can be used also on No. 2 furnace 
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without interfering with No. 1 furnace when it is blown with No. 
1 blower. 

No. 2 turbo-blower, which was installed in 1938, has movable 
guide vanes on the second and fourth blower stages. By closing 
these movable vanes, the range of stable operation of the blower 
is extended into the region of small volumes, which can be blown 
at relatively high pressures without the necessity of blowing off. 
The critical speed of both the turbine and the blower is well above 
the maximum operating speed. 

Since operation began in 1928 the blast-furnaces have been 
blown at constant air volume, and regulators are provided on the 
turbines for this purpose. On No. 2 turbo-blower, the air is drawn 
from outside the power house through a concrete tower, Fig. 16, 
the internal shape of which is in the form of a venturi tube. The 
vacuum in the throat of the venturi tube—a function of the suction 
volume—acts on a diaphragm which operates an oil relay in the 
governing system of the turbine, adjusting its speed as required for 
a specified volume. 

A comprehensive set of supervisory instruments is provided on 
an instrument board, which, to economise ground space, is built 
into the brick wall, Fig. 17. On the instrument board is mounted 
a steam-flow meter; as the turbine is provided with an extraction 
point for steam bleeding, the quantity of steam bled is determined 
as the difference of the two readings. A six-point resistance 
thermometer indicates the temperatures of the cooling water 
inlet and outlet, the blower air iniet and outlet, the condensate and 
the air extraction from the condenser. Further instruments include 
recorders for the steam pressure, steam temperature and blast 
pressure, a gauge indicating the absolute pressure in the condenser 
and pressure gauges for the steam-jet extraction sets. The centre 
of the panel is taken up by a curved tube flow meter measuring the 
air blast in the cold-blast main to the blast-furnace. This gauge is 
provided with a correction device for pressure and temperature. 
A signal station for communication with the blast-furnace is also 
mounted on the instrument board. 

The cooling-water for the furnace and the lower stage of the 
Brassert washer is supplied by a steam-driven pump of 5000 gal. 
per min. capacity. The steam turbine has an output of 280 h.p.; 
the speed varies between 10,000 and 13,000 r.p.m., and this is 
reduced to 1200-1450 r.p.m. for the pump. A steam drive was 
used here primarily for the sake of maintaining the supply in case of 
an electric power failure. The pump draws the water from two 
ponds having a combined capacity of 350,000 gal. 

Steam is used for various purposes around the blast-furnace 
and gas-washing plant. No. 1 furnace had originally a steam mud 
gun; this is now being replaced by an electrically driven Brosius 
gun. On the other hand the electric drive on the bell has been 
replaced by a steam drive. 
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(3.) Electric Generators. 


In the main power-house the combined capacity of the generating 
units is 24,900 kW., divided as follows: One set of 2400 kW., 
two of 5000 kW. and one of 12,500 kW. (under erection). 

All the generators operate at 3000 r.p.m., on a 6600-V., three- 
phase, 50-cycle supply. 

The average steam temperature in 1928-1930 was 500° F. 
This has been gradually increased to 580° F., and the last boiler 
to be installed will supply steam at 675° F. The new 12,500-kW. 
set and No. 2 turbo-blower are designed to work at temperatures up 
to 750° F. 

Both these turbines have been provided with bleeder connections 
which make it possible to extract up to 50,000 lb. per hr. of low- 
pressure steam for use in connection with a hot-boiler-water storage 
system to even out fluctuations in the total steam load. Whereas 
the average steam consumption of the old generating sets is 14-5 lb. 
per kWh., the expected rate of the new 12,500-kW. set is 11-0 lb. 
per kWh. This considerable improvement in steam consumption 
is due, mainly, to improved blading and the larger size of the unit. 

The condenser cooling water is obtained from a new central 
pumping station located some 2200 ft. from the power-house. 
This pumping station in turn draws the water from the Port Kembla 
Harbour via a concrete channel # milelong. Three axial flow pumps, 
each with a capacity of 22,000 gal. per min., are at present installed. 
They are driven by variable-speed slip-ring type A.C. motors, the 
speed of which can be adjusted by remote control. 

Originally the cooling water was obtained from a tidal river. 
The effluent water from the works was returned further downstream. 
After several years of operation, a considerable amount of silting-up 
took place. Owing to the restricted outlet to the sea, a portion of 
the hot return water from the works was picked up by the cooling 
water pumps, and under hot-weather conditions the temperature 
rose to above 100° F. This was partly responsible for the high 
blast-furnace-gas temperature already mentioned, but it had a 
very serious effect on the steam consumption of the steam turbines. 
With the new salt-water supply the temperature is approximately 
62-65° F., reaching a maximum of 72° in the hottest weather. 


(4.) Open-Hearth Plant. 

Steam is used at the open-hearth plant for the producers and 
for heating and atomising tar. From three to four furnaces are 
fired with mixed coke-oven gas and tar. Each furnace is provided 
with a steam-pressure regulator to maintain a constant pressure at 
the atomisers As the open-hearth plant is some distance from the 
boilers, each furnace has a superheater located in the waste-gas 
flue. The producers are fitted with a turbine-blower, the exhaust 
from which is mixed with the air blast. 
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(5.) Rolling Mills. 

The Port Kembla rolling mills comprise the following units : 
A blooming mill, 36-in. mill, 18-in. continuous mill and 10-in mill. 

(a) Blooming Mill.—This mill is driven by a 6000-18,000-h.p. 
electric motor having a maximum speed of 150 r.p.m. Steam is 
used only at the hydraulic bloom shear. 

(b) 36-in. Finishing Mill.—This unit has three stands, two of 
which are usually driven by the Galloway engine having an output 
of 16,000 h.p., and the finishing stand by a Davy engine with a 
5000-h.p. output. 

The Galloway engine was originally designed for low-pressure 
steam, but it was later fitted with new cylinders for a working 
pressure of 250 lb. per sq. in. The engine is of the horizontal 
three-cylinder simple-expansion type. The diameters of the cylinders 
are 39 in. and the stroke is 54 in. Recently the crankshaft, main 
bearings and the valve link motion were totally enclosed, and a 
gravity feed lubrication system was installed. The oil is fed 
from an elevated tank through a series of pipes from which the oil 
is sprayed to the various parts to be lubricated. Each main 
bearing, however, is fed with oil by two separate pipes let into the 
bearing and tapped off the main supply. Cylinder, piston and 
throttle-valve lubrication is obtained from a separate system, 
which is operated by a force pump driven from one of the valve 
spindle crossheads. Oil is also fed into the live steam. 

The gravity lubrication system has proved very satisfactory 
and has eliminated delays due to hot bearings and time required 
for screwing down grease cups, &c. 

The Davy engine was also a low-pressure unit and was converted 
to high pressure by the installation of new cylinders, pistons and 
throttle valves. The diameter of the cylinders was reduced from 
33:5 to 31 in. 

The steam is conveyed from the boiler-house to the engines in a 
14-in. dia. steam main, 1700 ft. long. The average steam tempera- 
ture at the engines is 530° F., the drop being about 35-45° F. The 
average pressure drop is 20 lb. per sq. in. 

A special type of electric flow meter has been installed in this 
main near the boiler-house. The impulse is obtained from an 
orifice and transmitted to a mercury U-tube having a small inertia. 
Electric contacts in the U-tube convert and transmit these move- 
ments to an integrator and recorder. The response of the meter 
is so quick that the steam consumption and peak for each pass is 
accurately recorded on the recorder strip. Various paper speeds 
are provided on the instrument to suit various conditions. 

The steam consumption for rolling various sections has been 
determined with this instrument. Fig. 21 shows three steam 
consumption diagrams taken when rolling 90-lb. rails; each diagram 
was taken on a different rail, and it is noteworthy how similar are 
the characters of the curves. 
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Fic. 21.—Steam Consumption at the 36-in. Finishing Mill. 


Particulars of a 2-hr. test when rolling 90-lb. rails are as follows : 


Average steam pressure at engine . : ‘ . 215 Ib. per sq. in. 
Average steam temperature . ‘ : : . | SE ar 

Bar temperature before first pass . ; ; . 2350° F. 

Bar temperature after last pass. : : - 1810° F. 

Number of passes ‘ ‘ ‘ : . ‘ 9 

Pass number : 1 2 3 4 5 6 r{ 8 9 
Area. Sq. in. 50:2 45-5 36-8 23:8 196 185 142 116 98 9%1 
Length. Ft. 45-7 48 59 92 112 118 154 188 222 240 
Number of ingots rolled ° . . . 31 

Weight rolled per hr. . ‘ . . 53-9 tons 


Rolling times. Average times during which rail is between rolls : 
Pass . : 1 2 4 5 6 7 8 9 
Time. Sec. 54 75 108 12:0 13:0 162 20:3 22-4 26-0 
A.—Average total time during which rail is in rolls: 133-6 sec. 
B.—Average time between rail entering first pass and leaving last pass: 
213 sec. less 27 sec. overlap = 186 sec. 
Rolling efficiency = A/B = 71-3%. 
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Average rolling rates for various sections are as follows : 


60-Ib. rails. ° : : : . 40-60 tons per hr. 
90-Ib. rails . : . : ; s CORES: 55 es 
14 in. x 5$in. x 40-Ib. beams. ‘ © 60-85 5 os 55 


The steam consumption per ton of rail products depends largely 
on the rolling rate per hour. 

(c) 18-in. Continuous Mill.—This mill was recently put into 
commission at the end of 1938. It has one breaking-down 
stand; this is driven by the 36-in. Galloway engine, which is fitted 
with pinions on both sides, so that it can be used for either mill as 
required. The break-down stand is followed by a train of six 
stands driven by a 6000-h.p. electric motor through gear reduction. 

The flying shear at the end of the mill is steam-driven. This 
shear uses steam at 150 lb. per sq. in. Large receivers are provided 
in both the inlet and outlet pipes from the cylinder. 

(d) 10-in. Mill.—Originally a combined 10-in. and 20-in. 
mill was used for rolling merchant products. They were driven 
by three steam engines totalling some 6000 h.p. 

These mills were later removed to make place for a modern 
electrically driven mill having seven continuous roughing stands 
and six finishing stands. All finishing stands are also electrically 
driven, except stands 8 and 9, which are connected to a Bellis and 
Morcom engine of 600 h.p. running at 250 r.p.m. These stands 
are in use for only about 50% of the total time when rolling certain 


products. 


(6.) By-Product Coke-Ovens. 

A single line diagram of the steam distribution at the coke- 
ovens is shown in Fig. 22. 

For the sake of ensuring continuity of supply, two parallel 10-in. 
dia. high-pressure steam lines are used to convey the steam to the 
exhauster building. 

At the boiler plant the pipe layout was arranged so that the steam 
supply to the coke-ovens need not be interrupted if any of the steam 
valves have to be removed for repairing. 

The actual steam consumption of the coke-ovens is much 
lower than the estimate made when the plant was designed, so that 
both boiler plant and pipe lines are only lightly loaded at present. 

The system of steam utilisation at these coke-ovens is a good 
example of a combination of steam-power and steam-heating 
requirements. 

Large quantities of heating steam are required for the light-oil 
and ammonia stills. This steam is obtained from the exhaust of 
the turbine-driven exhausters, turbo-pumps, reciprocating pumps 
and steam-driven air compressors, as shown in Fig. 22. 

To obtain the necessary flexibility in balancing the exhaust- 
steam production and the heating-steam requirements, four turbo- 
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Fic. 22.—Steam Distribution in the Coke-Oven Plant. 
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pumps were installed and each one was provided with an electric 
stand-by unit. Turbine-driven units can, therefore, be put on or off 
according to low-pressure-steam requirements. The fine adjustment 
of the exhaust steam pressure is done by an automatic reducing 
valve, see Fig. 22. 

After expansion through the high-pressure power units, 80% 
of the original heat content of the steam is still available for heating, 
and this proportion is used for costing purposes. 

A further advantage of this system is that single-stage turbines 
can be used, which are much cheaper and more reliable than the 
multi-stage turbines with auxiliary equipment for condensing 
the steam. 

Turbo-pumps are used for the circulating and flushing liquor, 
and the variable speed which can be obtained on a steam turbine 
is a decided advantage in operation. These turbines are similar 
to those used for the salt-water pumps on the blast-furnace plant 
described above. Two other similar turbines are used for driving 
the auxiliary generator of the boiler plant and the salt-water booster 
pump at the benzol plant. 

The reciprocating steam-driven air compressors were ordered 
for use with high-temperature steam at 650° F. The makers of 
these units recommended, however, the use of low-temperature steam 
to reduce maintenance. The ordinary type of desuperheater 
works by the injection of water into the steam, and requires high- 
pressure water and automatic regulating equipment. 

The author devised a scheme of cooling the live steam by the 
steam exhaust which would give the required reduction in steam 
temperature automatically without regulating equipment. The 
heat thus given up to the exhaust steam is utilised for the various 
heating processes (see Fig. 22). Similar heat exchangers were then 
—— on the major reciprocating steam engines throughout the 
plant. 

The steam consumption and distribution on full production 
are shown in Fig. 22. Metering orifices have been installed in 
both the low- and high-pressure steam mains to measure the steam 
to the most important units. The ovens have been in service 
for only a relatively short time, and it has not, as yet, been possible 
to investigate the efficiency of the various steam-consuming units. 
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DISCUSSION. 


Mr. A. F. WeExBBER (Birmingham), who presented the paper 
in the author’s absence, said it gave him great pleasure to do so, 
because he felt that it was one of the most valuable engineering 
papers which the Institute had received for a good many years. u 

It was clear that the development which had taken place at the 
Port Kembla Steelworks was a very remarkable one. The boilers 
must now represent one of the most modern and efficient industrial 
steam boiler plants in the world, and when it was considered that the 
development was not done by starting afresh but stage by stage 
with the remodelling of old boilers and with all the other works 
problems involved with a rapidly developing and extending works, 
it represented a remarkable triumph for the author and his colleagues. 

Most engineers in steelworks would be envious of the lavishness 
with which the metering equipment had been provided at the Port 
Kembla Works. That was an advantage in a rapidly developing 
works as compared with one which had to do its development on a 
site selected perhaps eighty years ago with inadequate space for the 
installation of equipment. He noticed that in the case of one boiler 
they actually metered the air separately to each burner. He felt 
that conditions would be very much easier if that could always be 
done in the case of existing plants. 

He was particularly glad to present the paper because he had 
been interested in the subject of the utilisation of blast-furnace gas 
for steam raising, and the first paper which he read on the subject 
was presented to the Institute seven years ago. The present paper 
seemed to be a remarkable vindication of the views which he then 
ventured to put forward on such matters as the treatment of the gas, 
the use of preheat, both for gas and for air, the importance of the 
boiler plant and the value of high pressure. It was very gratifying 
to him to find that what he thought could be done had been done, 
and had been done so very satisfactorily as was obviously the case 
at Port Kembla. 


Captain C. A. ABLEeTT, O.B.E. (King’s Lynn), said that he had 
often heard Members of the Institute express a desire that more 
engineering papers should be presented at the Meetings of the 
Institute, and last summer he endeavoured to give effect to that 
desire by offering the Prize to which reference had been made. The 
Cou ncil graciously accepted that offer, and he very greatly appreciated 
the kind things which had been said about it. The Prize had pro- 
duced eight papers, and the Council had awarded the Prize to Mr. 
Escher, of Port Kembla, for what he believed was the first paper to 
be received by the Institute from Australia. 

The paper, in addition to having won his Prize, had a personal 
interest for him, because he visited Port Kembla some fifteen 
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months ago and spent four or five happy days in that steelworks in 
seeing the plant which the author described. In Australia, both 
at Port Kembla and at Newcastle, both of which works were owned 
by the Broken Hill Company, he had been struck by the potentiality 
for further activities on the part of the Institute. 

The paper was a record of a painstaking and successful effort 
to improve the efficiency of the boiler plant at Port Kembla, and 
it would be seen that the efficiency had been improved up to 80%, 
and that it was anticipated that when regenerative heaters were 
installed the efficiency would be increased up to 87%. That figure 
of 87% which it was hoped to obtain was a very remarkable one, 
because it almost equalled the boiler plant efficiency of the Battersea 
Power Station of the London Power Company, which was said to 
be the most efficient boiler plant in existence. He hoped that the 
Port Kembla Works would succeed in doing it. 

A striking feature of the paper was the very remarkable photo- 
graphs on Plates X XVII. and XXVIII., and he did not think that 
many industrial plants in Great Britain had such apparatus for con- 
trolling and maintaining the efficiency of their boiler plants. He had 
often in the past had the honour of addressing the Institute on the 
electrical driving of rolling mills, and now his Prize had been won by a 
paper on steam and he was discussing a paper on steam engineering. 
It was of interest to notice, however, on p. 466 P, that the author re- 
marked that the replacement of steam drives on the mills had resulted 
in considerable savings. Some interesting figures were given on pp. 
470 P and 471 p about the steam consumption at the 36-in. finishing 
mill, but with the information which must have been available as a 
result of the tests carried out, he thought the author might have gone 
further and given some figures with regard to the steam consumption 
per ton of material rolled. Reliable figures were available from other 
sources of the power taken in horse-power-hours per ton to roll such 
sections, and thus the average steam consumption of the engines 
at Port Kembla under actual working conditions could be determined, 
and it could be ascertained whether steam was being utilised as 
economically as it was being produced. 

He hoped that in 1940 his Prize would succeed in producing 
more than eight papers. 





CORRESPONDENCE. 


Mr. J. F. Witson (Horam, Sussex) wrote that recent develop- 
ments at the works of the Dominions Iron Steel and Coal Corpora- 
tion, Sydney, N.S., Canada, gave results which could be usefully 
compared with those given in this paper, for they seemed to him 
to be, in a sense, complementary to each other. Brief extracts 
from a recent publication 1 should therefore be of interest : 


1 “2 Boilers Replace 44,” Power, 1938, Nov., pp. 50-53. 
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“The fuel used is raw blast-furnace gas and is burned 
just as it comes from the blast-furnace, in which condition it 
contains 3-5 grains of dust per cu. ft. Pulverised coal is the 
supplementary fuel and is burned only when there is insufficient 
gas and to start up a furnace. 

“The two 4-drum Stirling boilers installed are each rated 
at 186,000 lb. of steam per hr. continuously at 475 Ib. pressure 
and a total temperature of 750° F. when burning pulverised 
coal, and 165,000 lb. when burning raw gas. The high-pressure 
turbine acts as a reducing valve between the 475- and 150-lb. 
systems and these in combination have reduced steam con- 
sumption in the power plant from 16 to 10 lb. per kWh. 

“Improvement in the over-all boiler and turbine-plant 
efficiency has reduced the B.Th.U.-per-kWh. consumption to 
13,500, and burning the same amount of gas under the new boilers 
produces an increase of 150% in power output. The new 
boilers, it is stated, operate at a monthly boiler and furnace 
efficiency of 85%.” 


The efficiencies attained at both Port Kembla and Sydney 
reflected the high degree of engineering ability that had now been 
reached at both of these works, and were worthy of record. Seventy 
million cubic feet of gas were burned at Sydney under two boilers 
daily and 17-5 tons of unburnable dust were taken into the furnaces 
from this gas. That an efficiency of 85% was normally obtained 
under such circumstances would seem to raise the question as to 
what could be considered an undue amount that should be spent in 
cleaning gas for boiler firing. 





AUTHOR’S REPLY. 


Mr. Escuer, in reply, desired first to express his appreciation 
to Captain C. A. Ablett, O.B.E., for having given the Prize and for 
his remarks on the paper. He also thanked Mr. Webber for having 
presented the paper in his absence. 

In comparing the efficiency of blast-furnace-gas-fired boilers 
with that of coal-fired boilers, the former had some natural 
advantages—notwithstanding the low calorific value of blast- 
furnace gas—which, if properly utilised, would make them more 
efficient than any commercial coal-fired boiler. With clean and 
cool gas (60-70° F.) it would be possible to install gas and air 
heaters at reasonable capital cost giving remarkably low stack 
temperatures, and still use the highest boiler feed-water temperatures 
obtainable with regenerative feed-water heating. Lower stack 
temperatures would be permissible-on gas firing than on coal 
firing, owing to the small hydrogen content of blast-furnace gas 
and the low moisture content of the cooled gas. A properly equipped 
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as boiler would not have any losses due to unburnt fuel, whereas a 
coal-fired boiler would always have to contend with smaller or 
larger unburnt-carbon and dust losses according to the type of coal 
used. It was quite possible, therefore, that blast-furnace-gas-fired 
boilers, having efficiencies of 90% or more, might be built in the 
future if use could be made of the surplus gas in other parts of the 
works. 

Mr. Wilson cited the case of two large boilers burning raw gas 
and obtaining 85%, efficiency, which was a remarkable performance. 
The author believed that this solution would remain an isolated 
one, and that the general trend would be towards the use of cleaned 
gas in boilers in plants where “ inter-works ”’ gas was also required. 
With the improved heat rate in electric-power generation obtained 
in high-pressure plants using high-efficiency boilers, the power 
consumption of the gas-cleaning plant assumed less importance. 
A further advantage of finely cleaned gas was the elimination of 
atmospheric pollution from the boiler flue gases. To obtain an 
equivalent degree of freedom from dust in a boiler plant using 
raw gas would require a very expensive dust-cleaning plant. 
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Discussion on 


THE DEVELOPMENT OF THE OPEN- 

HEARTH STEELMAKING PROCESSES 

IN RECENT YEARS IN THE UNITED 
STATES OF AMERICA.* 


By L. F. REINARTZ (Mipptetown, Ouro, U.S.A.). 


This paper, which was printed in the Journal of the Iron and Steel Institute, 
1938, No. IL., pp. 349P-395P, was discussed at the Additional Autumn 
Meeting held in Cardiff on Friday, December 2, 1938. An abstract of the 
paper, the discussion and correspondence on it, and the author’s reply are 
recorded below. 


SUMMARY. 


In the United States the open-hearth process has been developed 
to a remarkable degree in the last decade. The annual capacity 
is now over 71,000,000 gross tons of ingots and castings. The basic 
open-hearth process has far outstripped in production its acid open- 
hearth or Bessemer rivals because of its greater flexibility from the 
standpoint of pig-iron analysis requirements, and because the basic 
process can use great varieties of iron and steel scrap. 

The manufacturer who purchases steel for fabricating into 
various forms and the metallurgist who is constantly trying to 
improve the quality of steel products have challenged the steel- 
plant operator to make higher quality steels at continually decreasing 
costs. A distinct improvement in practice has resulted. It has 
come about because of the work of many men in the office, labora- 
tories and before the melting furnaces. Better performance has 
followed three definite and distinct lines : 

(1) The quality of the personnel in the open-hearth shops has 
been improved. Managements of steel plants have spent time and 
effort to train these men to be cost- and quality-minded. 

(2) Mechanical improvements have been made by enlarging 
existing furnaces to the limit, building new modern units, and 
adding labour-saving devices and equipment to speed up charging 
the furnaces as well as tapping the heats. Insulation of open- 
hearth furnaces from top to bottom has aided in fuel cost reduction. 
Furnace controls have been perfected in order to improve the 
operations of the furnaces, reduce fuel and repair costs and increase 
the tons per hour per month. 

_ (8) The operating metallurgist has demanded more uniformity 
in the charge, and that more attention be paid to the selection of 


* Received June 20, 1938. 
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heavy, clean scrap for quality-steel production. He has given the 
melter certain tools which have helped him to gauge more accurately 
the quality of the steel before it is tapped from the furnace, and 
has improved the uniformity of the metal within a single heat, and 
from heat to heat. 

The need for quality steel products is constantly increasing. 
Open-hearth men in the United States are alive to their responsi- 
bility and opportunity. They are making an earnest effort to give 
the trade the kind of steel required for exacting demands in a modern 


world. 





DISCUSSION. 


In the absence of the AuTHOR, his brother, Mr. P. M. Retnarrz 
(Cologne, Germany) presented the paper. 


Mr. R. Perctvat Smirx (Sheffield) said he was sure that Mr. 
P. M. Reinartz would understand him when he said that the Members 
were disappointed at not seeing his brother. The name of Mr. L. F. 
Reinartz was very well known to them, and, having read the paper, 
they must all feel that they knew the man as well. It was without 
exception the best paper of its kind that he had ever read. Although 
he had visited America on three occasions, he had never before 
obtained the clear view of the outlook and practice of American 
open-hearth steelmakers which he had derived from the paper. 
It was obvious that the author was a modest man, with a well- 
balanced outlook, who never attempted to enlarge on the importance 
of the work which he did himself, although no doubt it was very 
important indeed. The author had the good sense to realise that 
one man by himself in a big plant could do very little, and that the 
success of the plant depended in the last resort upon all those 
concerned from top to bottom, not excluding the man who swept 
the melting-shop floor. 

There was enough “ meat” in the paper to provide a liberal 
fare for ten open-hearth conferences and more. It was very 
tempting to enumerate the points on which one agreed with a steel- 
maker of the author’s reputation; it was a source of satisfaction to 
think that so experienced a man as the author held views similar 
to one’s own, and one would like to parade the fact, but it would 
be a waste of time to do so. 

He was surprised to find that the Americans had not used any- 
thing but chrome ore and silica bricks in the front walls of open- 
hearth furnaces. He had expected that they would have tried out 
chrome-magnesite for the whole of that front wall, because 
experience in Britain showed that it was a very good material indeed 
for that purpose, particularly if it were tied to the structure of 
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the open-hearth either by strips of steel laid between the bricks and 
tied round the structure or in some other way. 

He was also surprised to find that the practice of shooting fire- 
clay or ganister slurry on to the inside of the ladle after each heat 
was sometimes used in America to prolong the ladle life. The 
ladle life at Steel Peech and Tozer’s had been prolonged in that way, 
but they had to give up the practice because of trouble due to 
inclusions. 

He had drawn the conclusion, perhaps erroneously, that the 
Americans had not yet succeeded in measuring the temperature in 
the open-hearth itself, which was of course the place where it should 
be measured; to measure it anywhere else was to lock the stable 
door after the horse had been stolen. It would appear that the 
Fitterer pyrometer did not do that, but the Schofield pyrometer 
was being used successfully for that purpose in Britain. 

Another surprising fact was that throughout the Americans 
appeared to use limestone in the burden instead of lime. That 
might be due to the fact that they did not have to use so much of 
that material as was necessary in Britain. The Americans were 
blessed perhaps more than they knew by having a pig iron with 1% 
of silicon and no sand on the pig at all, a sulphur content of 0-03°% 
and 03° of phosphorus, whereas in Britain the sulphur was 
frequently 0-07°/ and the phosphorus 1-5%, so that the lime burden 
was anything from 8 to 10% of the charged weight, whereas in 
America, and in Germany, it was 3-6%. 

He would like to know what was the ‘“ Tocco” method of 
hardening, of which he had not heard before. 

Before concluding, he would like to refer again to the theme 
which seemed to run throughout the paper. Again and again the 
author emphasised the importance of the control of the minutest 
details, and not control by the few but by every man in the works. 
The author’s conclusion was worth reading more than once, where 
he said: “‘ The open-hearth melter’s life, even after all the modern 
conveniences have been installed, is not a bed of roses. Neverthe- 
less, it presents an unending panorama of changes and variety of 
experiences, which is the spice of life to a dyed-in-the-wool steel- 
maker.” The author was getting joy out of it, and he did so because 
he found joy in association with his fellows. 


Mr. J. A. Davies (East Moors, Cardiff) said that the paper was 
very full of information, and bristled with points for discussion. 
He was surprised to find from Table I. that there were only 23 
tilting furnaces of 200 tons and over in the whole of the United 
States, the country which produced the first tilting furnace by 
Campbell, and where Mr. Talbot did such a large amount of pioneer 
work and erected his furnaces. He would like to ask why the 
development of tilters had apparently ceased in America, and to 
examine the question to some extent. It was not clear from the 
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paper whether all the tilters were working the duplex process or 
whether there were any working, as in Great Britain, the straight 
open-hearth process with 70-80°% molten-iron charges. From 
analyses of American irons not given in the paper but taken from 
Camp and Francis’ book, it would appear that the usual molten iron 
in America contained approximately 3-75°% of carbon, 1-5-2% of 
manganese, 0-2-0-3%, of phosphorus, 0-03% of sulphur, and 0-6-1% 
of silicon. This would be a very suitable iron after passage through 
a mixer for the straight hot-metal process. The silicon on leaving 
the mixer could be brought down to 0-5% or less, and such a charge 
would work very quickly and finish with low sulphur and phosphorus 
contents. In Britain such an iron as that would be welcomed. 
The yield on such charges made in big tilting furnaces would be high, 
and that high yield, being obtained from ore additions, was a very 
cheap source of steel. Assuming that ore cost 33s. a ton, the yield 
was an addition to the ingot weight for the cost of at most 66s. a 
ton, while the ingot cost might run to 100s. or 110s. 

He still believed that in order to make good steel it was necessary 
to have a fairly high proportion of virgin iron in the charge, as 
opposed to the statement of a large American producer, quoted in 
the paper, that he was changing from tilters to stationary furnaces 
in order to use high-scrap charges in the manufacture of quality 
steels. The analysis of molten iron could be controlled, but scrap 
contained so many deleterious constituents and residual metals, 
ferrous and non-ferrous. His own firm had found in their daily 
experience that the high-molten-iron charges gave consistently 
lower sulphur contents than the high-scrap charges. He referred, 
of course, to ordinary scrap and not to scrap specially picked out and 
of known analysis. 

What made the trend in favour of the fixed furnace more difficult 
to understand was the fact that fixed furnaces were being built 
in the United States up to the same capacity as tilters, and some, as 
mentioned in the paper, up to 250 and 300 tons, which had to be 
tapped through a bifurcated lander into two ladles. He had found 
in such a case that it was more difficult for the sample passers to work 
to narrow limits, owing to one ladle getting slightly more steel than 
the other, notwithstanding the many appliances designed to control 
the run. It was, to his mind, more advantageous to take off three 
or even four ladles of 80-90 tons from a tilter than to have to tap 


a big furnace into two ladles through a bifurcated lander or spout. © 


Another point with regard to the trend in favour of the fixed 
furnace was that the gantries for such large fixed furnaces, tapping 
ladles of steel of 150 tons, would need to be very much heavier to 
handle these very large single heats in one ladle. It would appear 
that the average 150-ton fixed furnace in America had a hearth 
area of nearly 800 sq. ft., as compared with a 250-ton tilter as built 
in Britain with a hearth area of 700 sq. ft. The fixed furnace would 
admittedly melt scrap more quickly than the tilter, all other things 
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being equal, but only if the hearth area per ton of capacity was 
greater ; and as soon as a fixed furnace became as deep as a tilter 
it was not, in his opinion, any better as a scrap melter than a 
tilter. 

The greatest disability of the tilter was perhaps the fact that one 
produced such large tonnages and sometimes choked the soaker- 
house and the mill, but the big fixed furnace of 150 tons and upwards 
suffered from the same disability to the same or even to a greater 
extent. The preference for a fixed furnace over tilters when working 
a duplex process was a different matter, and easy to understand, 
and he could understand the author saying that the last furnace to 
be put on and the first to be taken off was the duplex furnace. 
Viewed only from the angle of low yields it was a more expensive 
process, but the straight open-hearth with high-molten-iron charges 
was an entirely different proposition. He would like a little more 
information about that. 

In the paper the average roof life of open-hearth furnaces was 
given as 300-350 heats. In most cases these roofs were very heavy, 
with 18-in. panels and 22-in. ribs. It would be of interest if the 
author would give the pounds of roof brick per ton and the cost per 
ton of ingots. On the furnaces at East Moors his firm used 12-in. 
roofs with 16-in. ribs, and the consumption of roof blocks was 2-36 
lb. per ton of ingots, and the cost 1-7d. per ton. Campaigns lasted 
30-31 weeks, and the tonnage produced per campaign without any 
intermediate repair was 58,000-60,000 tons. They hoped very soon 
to surpass that figure of 60,000 tons, because, all being well, they 
would reach 60,000 tons on one furnace on the following day, and 
if the furnace went on for another week or two the figure would be 
increased. 

The author’s remarks on insulation were extremely interesting. 
He (the speaker) had always been worried about insulation on open- 
hearth roofs, and could never understand how they “ got away with 
it” in America. The paper had cleared up that question for him. 
He was in favour of the greatest possible amount of insulation on 
open-hearth furnaces from the waste-heat boiler to the uptakes at 
stage level, but there he stopped. If one went beyond that point 
it was necessary to spend a great deal of money upon renewals of 
bulk-heads and air ports. It must be remembered that there was a 
margin of only about 70° C. between the temperature at which one 
made ordinary steel and the squatting temperature of a silica roof, 
and he did not think that one could afford to insulate a roof. That 
was confirmed by the author’s statement that insulation was not put 
on until after about 30 heats and was removed when the roof wore 
down to a thickness of 7-9 in. Would that roof have been thicker 
than 7-9 in. if the insulation had not been applied? He felt that 
under such conditions any extra thermal efficiency due to insulating 
the roof had been far too dearly bought. The practice at East Moors 
was to seal the roof entirely by brushing silica sand over it, 
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completely filling up all the joints and cracks, and that was always 
done before the first charge. 

At the end of the section of the paper dealing with insulation, 
figures were given of a Canadian furnace consuming only 2,950,000 
B.Th.U. per ton, and there were three questions which he would 
like to ask about that furnace. The first was whether it had McKune 
ends; the second was whether 2,950,000 B.Th.U. was the heat 
consumption before or after credits for steam; and the third was the 
time of the year when that figure was obtained. The last point 
was very important. If the furnace was at Hamilton, which he 
believed to be the case, then in the severe winter weather a plant 
operating on coke-oven and blast-furnace gas would work at 
maximum efficiency, as the moisture in the mixed gas would be 
very low indeed. He almost ventured to predict that one might 
yet find refrigeration applied to mixed-gas plants in countries 
where summer temperatures were high and where there might be a 
shortage of cooling water. 

The next question with which he wished to deal was that of 
instruments. It would appear that instruments were very much 
more lavishly applied in the United States than in Britain. It might 
be that there was more scope for instruments there, because he 
believed that the personnel of the melting shops in the United 
States changed more frequently than was the case in Britain. Here 
the men usually remained in the same shop, and sometimes on the 
same furnace, for a lifetime, and therefore they became used to every 
phase of a particular furnace. He believed in instruments, which 
were extremely useful, but he thought that their use could be over- 
done. In his opinion, the following instruments were necessary 
for an open-hearth plant, and he would not personally ask for any 
more : 


Gas input indicator and recorder. 

Indicator and recorder of draughts on all the flues 
immediately after the regenerative chamber. 

Pyrometers on each checker, coupled with a 4-point recorder. 

Pyrometer and recorder before and after the waste-heat 
boiler. 

Air input recorder, if pressure air was used. 

On the metallurgical side, a carbometer. 


He was interested to find that when discussing rimming steels 
the author said that top-pouring was used universally, and referred 
to nozzle sizes up to 3 in. In Britain the tendency was to use 
smaller and smaller nozzles, and at Cardiff a nozzle of 1}-in. dia. 
was used. Was that wrong? Would it be better to teem through 
a 3-in. nozzle? He would like to ask what kind of surface was 
obtained when teeming through a big nozzle at a fast speed, and 
whether the ingots did not suffer from cracking when they were 
teemed so fast. At the moment, in addition to pouring rimming 
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steel with a 1}-in. nozzle, his firm were experimenting with uphill- 
cast rimming steel. He would like to ask what type of mould was 
considered best in the United States for rimming steel. Did they 
prefer the wide-end-up or the narrow-end-up ? 


Mr. J. B. R. Brooke (Scunthorpe, Lincs.) remarked that he 
had been very interested to hear what the previous speaker had said 
with reference to the tendency in America towards the fixed open- 
hearth furnace using scrap as compared with the tilting furnace 
using a large amount of molten pig iron. He could not speak from 
personal experience with regard to tilting furnaces, as his firm had 
only one of them, but, from the point of view of scrap versus molten 
pig iron, the author on the first page of his paper pointed out that 
the operating metallurgist demanded more uniformity in the charge, 
and he (the speaker) would submit that to use scrap was the very 
worst method of achieving that end. As Mr. Davies had pointed 
out, pig iron of the quality produced in America was or could be an 
extremely uniform raw material. It was therefore very interesting 
to note that later in the paper the author paid a certain amount of 
attention to the uniformity not only of the scrap but also of the size 
of the limestone charged, and said that this was preferred crushed, 
and about 6-8 in. in size. Personally, he would prefer a somewhat 
smaller size, but the important thing was that it should be sized. 
On the other hand, if a 60% scrap charge was used, he could not 
see that the same advantage would be gained as by using sized lime- 
stone on a hot-metal furnace. That applied also to the ore. He 
would like to ask whether in reality the preference for scrap charges 
in America was not partly due to the fact that in general scrap was 
obtainable at a lower price than pig iron, and whether with that 
general tendency they had developed the scrap process to an extent 
not found in Britain, with the exception of Mr. Percival Smith’s 
firm and certain others. 

On the question of slag pockets, it was very interesting to find 
that in America the auxiliary slag pocket had received some 
attention. His own firm had had one of these, of a slightly different 
design, in operation for about two years, and it undoubtedly did 
provide a method of overcoming one of the bugbear troubles in a 
steel plant. 

He would like to congratulate whoever was responsible for the 
method of taking killed samples shown in Fig. 20. He believed 
it was due to a member of the author’s staff, Mr. McCutcheon, who 
described the method in the Proceedings of the American Open- 
Hearth Conference. It was immediately adopted at the Normanby 
Park Works, and it had been of very great help. 


Mr. A. Rosinson (Scunthorpe, Lincs.) described the paper as a 
very useful epitome of the work done in America. He had often 
heard America called “ God’s own country,” and thought it must 
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have been a steelworks man who called it that, on account of the 
iron which was available there. The problems in Britain were 
distinctly different from those in America; here there was no iron 
of the American type, made from British ores. Such iron had to be 
imported or made from imported ores, which was not in the best 
economic interests of the country. British ores made a pig iron 
with about 1-5°% of phosphorus, and probably that accounted largely 
for the difference between the general trend of steelmaking practice 
in Britain and that in America. The general trend in this country 
at the moment was gradually to turn over to a higher percentage 
of pig iron in the charge. In saying that he was speaking of normal 
times; at present conditions were abnormal, and scrap was 
comparatively very cheap in England, which gave the scrap users 
some advantage over the pig iron users. In this country, however, 
there was not sufficient scrap normally to run similar charges as 
there was in America, and the problem was to use the pig iron made 
from the native ores. Todo that, many British works had definitely 
found that the tilting furnace had a distinct advantage over the 
ordinary open-hearth furnace in using that type of iron in large 
quantities. In the tilting furnace it was possible to get rid of the 
highly phosphoric slag half-way through the charge and go on 
with a purified charge of a similar composition to that found in 
America after melting. He had been very much surprised to find 
from the paper that the Americans considered that the steel made 
in tilting furnaces was not quite of the same grade as that made 
in ordinary open-hearth furnaces, and he would very much 
like to discuss that with the author, because he could assure him 
that in Britain those who used tilting open-hearth furnaces did not 
consider that they made an inferior type of material. They were 
making in England all kinds of material in the tilting open-hearth 
furnace of high quality, as well as the more normal grades. 

He would like to refer in conclusion to the automatic reversing 
of a steel furnace. With charges in which a large amount of pig 
iron was used he considered that the automatic reversal of a furnace 
was a danger to the men. The furnace might easily reverse itself 
when a man was charging pig iron or just after when he was opening 
the door to look inside, and if that happened there was a danger that 
someone wuld be badly burned. 


Mr. T. Jotty (Port Talbot, Glam.) remarked that in addition 
to the very interesting paper on American practice now under 
discussion the Institute had had during the last twelve months a 
very interesting résumé of steelmaking practice in this country in 
the Symposium! which had been held. It would be very desir- 
able to have a résumé of Continental practice similar to that which 
the author had presented on American practice, for then it might 


1 «Symposium on Steelmaking,” Iron and Steel Institute, 1938, Special 
Report No. 22. 
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be possible at a later stage to compare notes generally with the 
rest of the world. 

Turning to the paper under discussion, it was possible when 
reviewing a whole industry to be delightfully vague, and in the 
section headed ‘‘ End Construction ” the author referred to “a new 
prepared product which consists of finely ground chrome ore with 
some special binding element.”’ It would be interesting to have a 
little more information on that, if it could be given. 

In the section dealing with moulds, the author referred to 
corrugated ingots and said that ‘‘ corrugated slab moulds are used 
almost universally in hot strip rolling practice.’ Personally 
he had been under the impression, perhaps wrongly, that the 
deseaming of ingots was coming rapidly to the fore in the United 
States. If that was so,.and also bearing in mind that corrugated 
ingots had met with much opposition before they were accepted 
universally, he could not quite reconcile the two points; why 
should it be necessary to use corrugated slab moulds and at the 
same time deseam a considerable number of those slabs ? 


Mr. H. C. Woop (London) referred to the fact that under the 
heading of charging it was stated that “ great emphasis is placed on 
rapid and careful charging,” and said he understood that in America 
charging machines of the non-slewing type only were used, whereas 
in Britain machines of the slewing type were first brought into use 
over thirty years ago and were now almost universal; in very few 
modern works were non-slewing charging machines installed. The 
advantage which was gained in accordance with British practice 
with the slewing type of machine was that it was possible to angle 
the boxes in the furnace and perhaps obtain a better distribution 
of the charge. That seemed to him particularly advantageous 
when light scrap was being handled. Perhaps in the United States 
that was dealt with by bundling or packeting all the light scrap. 
In Britain scrap-bundling presses were becoming more and more 
used, and they no doubt gave considerable advantage in the saving 
of time in charging. He thought he was right in saying that on the 
Continent, perhaps with the exception of some works in Russia, 
charging machines of the slewing type were universally used, and 
were mostly of the overhead type. It seemed, therefore, that on the 
Continent they also appreciated the value of the slewing movement 
in order to distribute the charge to advantage over the hearth of the 
furnace. It would be interesting to hear the author’s views on that 
point. The slewing-type charging machine was of course also able 
to pick up the charging boxes from bogies or from stands located 
at the side of the charging platform remote from the furnaces, thus 
leaving the space immediately in front of the furnaces free and 
enabling the machine to approach more closely. 


Mr. P. M. Retnartz thanked the speakers for their contribu- 
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tions to the discussion and replied briefly to some of the remarks ; 
he desired, however, to leave the more detailed reply to his 
brother, the author. 


Mr. R. Perctvat SmirH (Sheffield), referring to some remarks 
made by Mr. P. M. Reinartz on deseaming, said his own firm 
deseamed their ingots for very special purposes, and only with 
solid steel, knowing that in their solid steels the seams were a cer- 
tain distance down and could be cleared without more loss of metal 
than wash-heating incurred. He wondered what kind of steel the 
Americans were deseaming, and, if they could not clear the seams 
with a deseamer, whether their seams were more deeply seated than 
those with which his own works had to deal. The Americans 
used downhill casting, whereas 90°% of the steel at Steel Peech and 
Tozer was uphill cast. 





CORRESPONDENCE. 


Mr. T. G. Grey-Daviss (Pontymister, Risca, Mon.) wrote that 
he would like to congratulate Mr. Reinartz on the presentation of 
a paper of such great interest to all concerned in steelmaking 
operations. 

When dealing with furnace construction, the author mentioned 
that when archless water-cooled door frames were used, water- 
cooling of the skew-back channel was necessary, and also that some 
plants increased the thickness of the roof brick for a distance of 
5-6 ft. on each side of the roof along the front and backwalls where 
erosion was most severe. Most operators would agree that this 
portion of the furnace suffered rather badly, and the writer was 
surprised that the water-cooled skew-back channel was not more 
extensively adopted, regardless of other equipment. Water-cooling 
of this portion of the furnace should materially lengthen the life 
of the roof bricks. During a recent visit to Austria, the writer 
noticed the water-cooled skew-back channel in use on several 
furnaces where the roof was constructed of the Radex basic brick. 

Cushioning of the skew-back channel with buffer springs was 
another innovation. Lives of over a thousand heats were being 
obtained from the roofs of these furnaces; at one plant, two furnaces 
were being equipped with suspended roofs constructed of these basic 
bricks, incorporating insulating material between the ribs, 
representing one of the most interesting open-hearth furnace 
construction developments in recent years. Substantial increases 
in output were also obtained. Basic furnaces with the melting 
chamber constructed of these bricks were giving satisfactory 
performances in Britain and were growing in favour. From personal 
observation, the writer could vouch for the fact that considerably 
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higher temperatures were being carried in these furnaces than would 
be possible under silica roofs. 

In regard to checker construction, were two-pass checkers being 
used on any of the plants using producer gas as fuel? When 
discussing slag control and rimming steels, the author mentioned 
the addition of aluminium with the ferro-manganese in the ladle. 
It would be interesting to know how much partial deoxidation with 
ferro- or silico-manganese in the furnace was favoured by American 
operators. The writer understood that a method of control of the 
rimming characteristics of the metal was being developed, involving 
the primary deoxidation of the steel with silico-manganese in the 
furnace. Details to hand at the moment showed that when the 
bath had reached the desired limits of chemical composition, 
additions of silico-manganese (based on analyses of the slag and 
metal) were made to the bath in sufficient quantities to quieten the 
bath, the silicon content necessary being given as 0-04-0-05%, 
which should just leave an incipient boil. The bath was then 
allowed to reoxidise for a determined period, which naturally varied 
between plants according to the pit-side equipment, &c. At the 
termination of the reoxidising period, the heat was tapped, and 
final additions of ferro-manganese were made in the ladle. 
Consistency of metal action in the moulds from cast to cast and 
improved physical quality of the steel were claimed for this method. 
Under slags high in P,O, rephosphorisation of the bath was an 
obvious danger, and in the writer’s practice, using irons with a 
phosphorus content of over 1:5% with no slag run-off, the above 
method was used in a modified form, and with great success. The 
writer would be interested to know if any American operators using 
their superior-quality pig iron were employing the process stated, 
and with what success. 


Mr. N. H. Bacon (Sheffield) wrote that on p. 379 P Mr. Reinartz 
gave the life of a mould in the United States as being 90-150 heats. 
If this could be expressed in pounds per ton of steel it would perhaps 
be of more interest, the consumption in his (the writer’s) case being 
15 lb. for the standard small-end-up mould. Since his visit to the 
States his firm had tried out corrugated moulds and had definitely 
found an improvement in the ingot surface in regard to the decreased 
tendency to crack. 

On p. 380 P Mr. Reinartz dealt with the cost of bottom-pouring, 
and it might be interesting to him to know that by bottom-pouring 
groups of 6 per bogie the writer’s cost did not exceed 1s. 3d. per 

n. 


Mr. Reinartz dealt with the subject of grain-size control (p. 387 P) 
and the difficulty of ensuring regularity from start to finish of the 
cast, and also the question of mixed grain size in one specimen. 
The writer had the same troubles and also one which Mr. Reinartz 
did not mention, i.e., the occasional longitudinal splitting down the 
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centre of the face of ingots made to produce fine-grain steel. Had 
Mr. Reinartz experienced this trouble, and, if so, had he succeeded 
in eliminating it? 

On p. 388 P Lapix was mentioned, and also the possible carbon 
contamination of the top third of the ingot. The writer’s experience 
showed that this carbon contamination was not due to the pick-up 
of carbon from the Lapix powder but to the fact that, owing to the 
considerably longer period that the steel was kept liquid in the top 
part of the ingot, the normal carbon and sulphur segregation became 
accentuated. 

In connection with the production of rimming steel for high- 
quality sheets (p. 390 P) Mr. Reinartz mentioned that several plants 
had tried bottom-pouring. It was not clear from this whether 
these plants, having tried this method, had gone back to top- 
pouring, or whether they had found bottom-pouring satisfactory 
and still continued to use this method. 

The question of machining moulds and stools was mentioned on 
p- 393 Pp. The writer’s experience over a period of five years showed 
that the cost of machining moulds and stools was more than offset 
by the elimination of steel fins and the reduction of damage to the 
soaking-pit walls. 

In conclusion, the writer would like to say with what great 
interest he had studied this excellent paper, and how heartily he 
endorsed all the complimentary remarks that were made about it 
on the occasion of its presentation at Cardiff. 





AUTHOR’S REPLY. 


Mr. REINARTzZ, in reply, wrote that Mr. Percival Smith stated 
that he was surprised that only chrome ore and silica brick had been 
used in American front-wall practice. He could say that chrome- 
magnesite bricks had been used in several plants with good success, 
not only in front walls but also in back walls and bulkheads of 
furnaces. Operators had used sheet-metal strips between the layers 
of brick to help to hold them in place. 

Shooting fireclay on the inside of ladles was only practised, to 
his knowledge, in foundries where killed steels were made. It was 
not applicable to ingot practice, particularly of the rimming variety. 
Personally, he agreed with Mr. Smith in his theory that such 
practice might increase the number of inclusions in steel. 

In America the temperature measurement of the bath of molten 
metal was still in the experimental stage. Dr. Fitterer’s latest 
pyrometer did measure the temperature of the molten metal, but 
the apparatus was very cumbersome to handle. 

The United States Steel Corporation had, he was told, a method 
for metal-bath temperature measurements, but the details of this 
practice had not been made public. Many furnaces had pyrometer 
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installations for measuring the temperature of the inside of the 
roofs. 

The author was sorry if his paper conveyed the idea that burnt 
lime was not used extensively in America. He did use burnt lime 
in his particular practice when the price of pig iron in relation to 
scrap was high. He found then that he could use less pig iron in 
the charge, and make faster time in melting the heats. Right now 
the opposite relation existed, and his firm was using raw limestone 
exclusively. They saw very little difference in the quality of the 
ingots when using either lime or limestone. 

The “ Tocco ”’ process of hardening was developed by the Ohio 
Crankshaft Company, from which name the word “ Tocco’ was 
derived. This process consisted of using a high-frequency induced 
current for heating to the desired temperature quickly and quench- 
ing immediately. It had proved very successful for hardening the 
bearings of crankshafts and has permitted the use of carbon steel 
(S.A.E.1045) in place of chromium-nickel alloys. 

The apparatus for hardening these bearings consisted essentially 
of a copper inductor block, which clamped around the bearing, 
acting as a single-turn primary of a transformer, the outside layers 
of the bearing acting as the secondary. A high-frequency generator 
supplied the current to the inductor block, which induced a current 
in the outer layers of the bearing, and the resulting high current 
density created a powerful heating effect. The time necessary to 
heat the bearing was only a few seconds and was controlled accur- 
ately by automatic timers. 

As soon as the current was turned off, water under pressure was 
forced through the inductor blocks, which were hollow and were 
perforated on the inside, so spraying the water on to the bearings and 
quenching them instantly. This produced a very uniform hardened 
layer around the bearing usually about }-in. deep. This, of course, 
could be regulated very uniformly by the length of time and by 
varying the current characteristics. 

In order to withstand this drastic quench without cracking, it 
was necessary that the steel be exceptionally clean, i.e., free from 
inclusions. 

After hardening, these crankshafts were drawn at a low tempera- 
ture and then checked for cracks by the ‘‘ Magnaflux ”’ test. This 
test consisted of magnetising the crank and sprinkling prepared iron 
filings over it. The iron filings adhered to the crank where there 
was a crack or subsurface inclusion, that was, any place where the 
magnetic lines of force in the crack left the surface. In this manner, 
cracks were found which could not be seen with the naked eye. 

The “ Tocco ’’ process was gradually being used for applications 
other than crankshafts, and in most cases the carbon steel replaced 
the alloy material. 

Replying to Mr. Davies’ remarks, Mr. Reinartz wrote that in 
America they had not favoured the tilting furnace for several reasons: 
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(a) First and probably foremost—the availability of large 
tonnages of scrap iron. 

(b) Higher maintenance costs of tilting furnaces. 

(c) They believed that better quality steel resulted if a pig- 
iron/scrap mixture requiring no charge ore was used. He re- 
ferred particularly to the manufacture of low-carbon strip steels. 


In the manufacture of quality steels they did not use the cheap 
miscellaneous grades of steel scrap, such as turnings or borings, or 
miscellaneous junk-dealer scrap. They used No. 1 heavy melting 
steel and scrap from his own firm’s plant operations. They had 
no serious difficulty when using such scrap in finishing the heat with 
less than 0-030% of sulphur. 

He was opposed to the use of bifurcated spouts for big heats. 
At Armco they tapped 170 gross tons into a single ladle. Other 
companies tapped up to 220 tons in a single ladle. His company 
overcame the possible increased ferrostatic pressures due to such 
big heats by using oval ladles. 

The difficulties that Mr. Davies had experienced in working to 
narrow chemical limits when using a bifurcated spout had been true, 
he had been told, in the United States also. 

Mr. Davies would be surprised to know that in Armco practice 
170 gross tons were tapped from furnaces having only 640 sq. ft. 
of area. The monthly rate of ingot production for the shop aver- 
aged over 12 gross tons per hr. It was true that the steelwork in 
the pit building structure and runways must be very heavy to 
support such large heats. 

At the Middletown plant the consumption of roof brick per ton 
per heat in 1938 was 4-25 lb. and the cost was $0-20 per ton. One 
campaign lasted from 22 to 25 weeks and the tonnage per campaign 
averaged 51,000 to 60,000 gross tons. 

In answer to Mr. Davies’ question about roof insulation, the 
author would say that he was opposed to any scheme for insulation 
of the open-hearth roof with insulating compounds on top of the 
brick. Some American plants had claimed to have obtained good 
results with roof insulation. When large tonnages of low-carbon 
steel were made, the extreme temperatures required ordinarily did 
not allow of roof insulation with the present type of silica brick. 

With reference to the inquiry regarding the 2,950,000 B.Th.U. per 
gross ton recorded for a Canadian furnace, he would say that this 
furnace had been built in recent years and was equipped with a 
McKune port. That figure, he was told, was before steam allow- 
ances had been made; it was an average based on the total fuel 
consumed and the gross tons produced from June, 1937, to March, 
1938, inclusive. 

Undoubtedly more instruments were used in some plants in the 
United States than was current practice in England. Each one had 
its use, and those who had equipped their furnaces with them 
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thought that under their particular conditions they were justified 
in installing them. Pressure indicators and furnace temperature 
measurement devices were aids to first helpers. Conscientious old- 
timers could usually “run” the furnace as well without as with 
them. He agreed that in some shops instrumentation had become 
a fad and more had been installed than were warranted. Mr. 
Davies’ list of instruments would be entirely acceptable to him if 
he were called upon to operate a furnace. 

In American practice in some shops the top-pouring of rimming- 
steel ingots through large nozzles had been successfully accomplished 
for years. It must, however, be remembered that those ingots 
weighed from 12,000 to 20,000 lb. each. The surface of those ingots, 
based on American standards (he was not familiar with British 
ingot surface standards), was very good, and the ingots were ordin- 
arily free from ingot cracks. In this discussion he was confining 
his remarks to the production of rimming steel which finished with 
less than 0-10°% of carbon in the ingot. 

The wide-end-down ingot was almost universally used in the 
United States, mainly from the standpoint of ease in stripping. 

In the manufacture of medium- or high-carbon steels, big-end- 
up hot-topped moulds were used, but even this was not a universal 
practice. In the manufacture of alloy steels the usual practice was 
to pour into big-end-up hot-topped moulds. 

The author was sorry that he must differ from Mr. Brooke 
regarding the American charges in open-hearth furnaces. They in 
America had sufficient heavy-melting high-grade scrap available to 
make uniformity of the charge not only universally possible but 
also practical. The fact that scrap was plentiful was a very powerful 
reason for using large quantities. It happened right now that, for 
the present at least, perhaps owing partially to large foreign ship- 
ments, scrap was not so plentiful, and some plants had increased 
their pig-iron or hot-metal charges from 35-40% to 45-55%. In 
America they usually did not care to use much higher percentages 
of hot metal in stationary open-hearth furnaces. 

Replying to Mr. Robinson, the author commented that he had 
no doubt, from his knowledge of British operations, that the tilting 
furnace was a very necessary and practical furnace for the manu- 
facture of many grades of steel under the conditions faced by the 
British open-hearth operator. Also, if he had to operate an open- 
hearth furnace using large percentages of pig iron or hot metal, 
he would prefer not to equip the furnace with automatic reversing 
devices. Undoubtedly, the danger to workmen would be a real one. 

In answer to Mr. Jolly, when the author referred to “a new 
prepared product which consists of finely ground chrome ore. with 
some special binding element ” he had no intention to be vague. 
This product was bought in the prepared form. The manufacturer 
had not chosen to tell them what binder he had used. 

The deseaming of slabs was quite universally practised in the 
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United States. Very little work, if any, was done on ingots. For 
the very high-quality surface requirements in cold strip practice 
many plants had found it desirable and worthwhile to pour heats 
into corrugated slab moulds to decrease the cost of deseaming the 
slab later on. 

Referring to Mr. Wood’s remarks, the author had discussed the 
use of slewing and non-slewing charging machines with construction 
engineers in the United States. They claimed that they must have 
very powerful machines for their heavy scrap charges and that the 
maintenance cost on slewing machines would be greater than on 
non-slewing ones. No one would question the greater flexibility 
of the slewing type of machine. 

In the United States invariably the light scrap, even that which 
was made in the steel mill itself, was bundled or packaged. 

In reply to Mr. Percival Smith’s second comment, in the United 
States both rimming- and killed-steel slabs were deseamed. Great 
care must be exercised in deseaming rimming-steel slabs so as not 
to cut into the lenticular blow-holes in the bottom third of the 
ingot. These blow-holes in the ingot were from 3 in. to ? in. below 
the surface. These ingots were all top-poured in plants making 
steel for continuous strip mills. In plate-mill practice the ingots 
were bottom-poured and therefore the blow-holes were usually 
deeper-seated. 

Concerning Mr. Grey-Davies’ contribution, the author wrote that 
two-pass checkers had been in use in producer-gas practice. He was 
told that the results were not so good as when using oil or gases as 
fuels. 

In American practice there was a difference of opinion regarding 
the partial deoxidation of the bath with ferro- or silico-manganese. 
Some plants used this practice of adding such materials near tapping 
time, and tapped the heat when the bath came back to action. Other 
plants partially deoxidised with 1,000-1,500 lb. of basic pig iron to 
100 tons of molten metal. In low-carbon rimming-steel practice 
most shops added the ferro-manganese crushed to nut size in the ladle. 

Since the phosphorus in most American pig iron did not exceed 
0-350%, little danger of rephosphorisation need be feared in these 
low-carbon re-pigged heats. 

In conclusion, the author hoped that he had answered most of 
the questions which were raised at the time of the Meeting in Cardiff. 

He appreciated very highly the kindly consideration given to 
his paper, and the constructive criticisms that operators and 
metallurgists of well-known British steel companies had made. He 
also wished to express his thanks for the very warm welcome that 
had been given to his brother, Mr. P. M. Reinartz, who had presented 
the paper in his (the author’s) unavoidable absence. 
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Joint Discussion on Electric-Furnace Practice. 


The following two papers, which were printed in the Journal of the Iron 
and Steel Institute, 1938, No. If., pp. 289P-303r and pp. 305p-318P, re- 
spectively, were discussed jointly at the Autumn Meeting held in London 
on Wednesday, October 26, 1938. Summaries of the papers, the discussion 
on them and the authors’ replies are recorded below. 


AMERICAN ELECTRIC-FURNACE PRACTICE.* 


By W. M. FARNSWORTH anp E. R. JOHNSON 
(MassiLton, Onto, U.S.A.). 


SUMMARY. 


The authors first outline the basic electric steel furnace equip- 
ment at the Canton plant of the Republic Steel Corporation, and 
refer briefly to the furnace hearth construction. They then describe 
in detail the operation of the arc and low-frequency electric furnaces 
at their works, giving attention to the raw materials used and the 
various modes of procedure in normal alloy steel practice, stainless 
steel practice, arc furnace practice (with stainless scrap addition) 
and the duplex process for making stainless steel; logs of furnace 
heats are recorded. In conclusion, the authors describe the tapping 
and pouring procedure. 


ELECTRIC FURNACES IN EUROPEAN 
STEELWORKS.' 


By D. F. CAMPBELL (Lonpony). 


SUMMARY. 


The paper describes modern European practice in are and high- 
frequency furnaces. 

Electric furnaces for smelting iron ore are briefly discussed, and 
the arc furnace for steelmaking is described in greater detail. The 
relative merits of hyraulic and electric regulation of electrodes, 
fixed and removable roofs, various types of charging baskets, fixed 
and rotating hearths, and amorphous, graphite and Soderberg 


1 Received July 11, 1938. 
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electrodes are considered, and the principal characteristics of several 
recent furnaces are stated. 

Recent methods of rapid deoxidation and refining by agitation 
of the steel with suitable slags are described. 

The development of the high-frequency furnace, from the first 
small wooden box equipments to the modern large steel structures 
shielded by iron laminations or copper, is described, and typical 
British and Continental installations are compared. 

The principal electrical features of high-frequency equipment, 
such as coils, condensers, motor-generators, protective devices and 
control gear, are reviewed. 

Typical modern high-frequency shops of British and Continental 
design are compared and illustrated. 

Finally, the possibility of using the heat and movement obtained 
by induction heating for refining purposes is discussed. 

The paper is illustrated with photographs and drawings of recent 
British and Continental installations. 





JOINT DISCUSSION. 


In the absence of Messrs. Farnsworth and Johnson, their paper on 
“American Electric-Furnace Practice ’’ was presented by Mr. Campbell. 


Dr. T. SwInDEN (Member of Council, Sheffield), who opened the 
discussion, said that the paper by Messrs. Farnsworth and Johnson 
was a valuable statement of American practice, with particular 
reference to the manufacture of austenitic stainless steel. It was 
to be noted with special interest that in the Canton plant a 6-ton 
low-frequency induction furnace was in use. The paper did not 
disclose when that was installed, and it would be interesting to 
know whether it had been installed since high-frequency furnaces 
of similar capacity had become available; if so, the reasons for the 
preference for the low-frequency furnace would be particularly 
interesting. 

It was common knowledge that, some twenty-five years ago, 
there were in commission in various parts of the world something 
like forty low-frequency furnaces, but in 1932, when he had occasion 
to look into the matter, he could locate only about four of them 
actually in operation. The Poldi Works at Kladno were an out- 
standing example of the continued operation of such large-unit 
low-frequency furnaces working on a duplex system with the basic 
open-hearth. Most other people had ceased to operate low-frequency 
furnaces on account of refractory trouble, the well-known difficulty 
of starting up or of changing the steel quality, and their unsuitability, 
compared with high-frequency furnaces, for melting cold charges. 
It was significant that in Mr. Campbell’s paper the low-frequency 
furnace was not even mentioned. 

It was clear that Messrs. Farnsworth and Johnson attributed 
considerable importance to hydrogen, and they went so far as to 
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control both the charge and the method of working, on the assump- 
tion that hydrogen was an important factor in producing sound 
steel of the highly alloyed types referred to. He felt that we were 
only on the fringe of the subject of the influence and control of 
hydrogen in steel. It was possible that the figures at present re- 
corded by the high-temperature vacuum fusion method did not by 
any means reveal the whole story, and it would be particularly 
interesting to those engaged in similar work on this side of the 
Atlantic if the authors could amplify the paper in that direction by 
giving some figures of the hydrogen content found. 

One was inclined to question the statement made by the authors 
to the effect that under certain slag conditions it was possible to 
avoid completely the possibility of the absorption of hydrogen. It 
was also to be noted with interest that later on in the paper the 
authors intimated that there was no evidence of hydrogen absorp- 
tion in the induction-furnace metal. So far as vacuum fusion work 
done in Britain was concerned, no sample had yet been examined 
which did not contain some hydrogen, but, speaking broadly, he 
would subscribe to the view that in certain circumstances the 
“ wildness,” to which reference was made in the paper, was in all 
probability due to hydrogen. 

The paper by Mr. Campbell gave, as might be expected, a very com- 
prehensive survey of electric-furnace practice in European steelworks, 
and there were only one or two points which personally he would 
desire to amplify. On pp. 309P and 310P Mr. Campbell referred 
to what had been termed “ quick metallurgy,” and summarised 
very briefly the large amount of work which had been done on the 
subject, particularly by Perrin. The fundamental soundness of the 
metallurgical principles involved had, he thought, been well estab- 
lished, and all that was required to be done was to determine under 
what practical conditions it was possible to take advantage of the 
principles which had been definitely established, i.e., how it was 
possible to take commercial advantage of the speeding-up of 
metallurgical reactions by the more intimate mixing of metal with 
appropriate slag. He could confirm from personal experience that 
the statements concerning the quality of the material produced, 
with particular reference to cleanness, were correct and were not 
over-statements. 

Xeference was made on p. 312 P to the linings of high-frequency 
furnaces. For many years acid linings had been used, and had 
given no trouble at all. There was always room for improve- 
ment, but it could be stated that the cost of acid linings in large- 
unit high-frequency furnaces was certainly not higher than the 
cost in a 50-ton acid open-hearth furnace. On the other hand, 
we were still looking for an improved basic lining in high-frequency 
furnaces. There was no difficulty in the smaller units of up to 
2 tons capacity, and in his experience basic linings were perfectly 
satisfactory in such cases and gave a life as good as, if not better 

1939—i 2K 








498 P FARNSWORTH AND JOHNSON; CAMPBELL: 


than, the acid linings, but in the case of the 5-ton furnace that was 
not the case, and experimental linings were being used in an effort 
to overcome the difficulties which presented themselves. The 
trouble could be readily explained. In order to obtain the necessary 
refractoriness and resistance to slag attack, a high-magnesia mixture 
was used, and the coefficient of expansion and contraction was such 
that the cracks which developed in the case of the larger furnaces 
were big enough to let the metal get through to the coil, whereas 
in smaller furnaces, whilst the cracks occurred, they were not bi 
enough for that, and moreover had no serious effect on the life of the 
lining. Work was being done in the direction of obtaining sufficient 
refractoriness and resistance to slag attack with a reduced coefficient 
of expansion and contraction. 

Reference was made on p. 312 Pp to “ quality refining.”” It could 
now be stated without question that alloy steel of the highest quality 
suitable for meeting the most exacting specifications and inspection 
could be successfully produced in the high-frequency furnace. 

In the last three paragraphs of the paper the author dismissed 
very briefly a tremendous amount of work dealing with dual fre- 
quency, multi-frequency and combined are and low-frequency 
furnaces. Having particularly in mind the principles of “ quick 
metallurgy ” already referred to, the potential value of having 
independent control of the temperature and movement of the metal 
still remained, but it was understood that such furnaces as had 
been constructed had failed to operate satisfactorily—or perhaps 
one should say that they had operated without adequate advantage 
over the present orthodox designs, either through failure of the 
refractory to withstand the violent movement applied by the low- 
frequency current, or failure to achieve the speeding-up of the pro- 
cess as compared with that possible in the absence of such additional 
facilities. One did feel, however, as he had stated in 1935, that the 
future development of induction furnaces would seem to lie in taking 
advantage of the designs prepared by the electrical engineers to 
be able to control the movement and temperature independently, 
and it was to be hoped that improvements in refractories or possible 
modifications in furnace design would allow advantage to be taken 
of those electrical developments. 


Dr. W. H. Hatrretp, F.R.S. (Vice-President, Sheffield), said 
that the Institute was very greatly indebted to Mr. Farnsworth and 
Mr. Johnson and to the Republic Steel Corporation for giving so 
freely an account of electric-furnace practice in the works of that 
Corporation. They had been very frank concerning their technology, 
and, had the Institute been able to visit their works, the Members 
would have had a very complete picture of American electric- 
furnace practice. 

Personally, he did not propose to occupy much time in discuss- 
ing the relative merits of methods employed in America and in 
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Sheffield, because the Members would already have seen the Sheffield 
works during their visit to that city, and in the pages of the Reports 
of the Ingot Committee there would be found a very full account 
of the actual procedures used. The data already existed for a 
comparison between the two types of procedure. 

Mr. Campbell’s paper was a very interesting statement of the 
technology of electric furnaces, but the author would probably 
admit that the paper dealt largely with those furnaces with the 
construction of which he had been associated. A good deal of 
space was taken up in discussing the furnace reactions, and, as the 
author said, that was the thing to do, because by merely handling 
the electrical and heat side of the furnace one could not obtain a 
proper conception of the facilities of those furnaces. The metal- 
lurgical considerations must be brought forward, and, indeed, must 
dominate all those processes, but when the author said “ these 
discoveries,’ referring to the Perrin process, “are leading to a 
revolution in are-furnace practice in some European works, and the 
time spent in finishing a steel after it is melted is being reduced from 
hours to minutes,” it gave it a very theatrical effect, to put it in 
that way. Perrin had, as Dr. Swinden rightly said, made a metal- 
lurgical contribution of considerable magnitude in his idea of treat- 
ing liquid slag and liquid metal as two liquids producing a chemical 
reaction in a very short space of time, but Perrin had been very 
frank with the metallurgical people in Britain, and had given them 
opportunities of making experiments and of studying the materials 
which he had produced. Personally, he thought that should it be 
found that in works usage, as distinct from the experimental field, 
the process could be adequately applied, then they would have 
something of the order of the evolution of a major process, but he 
would like to correct the impression conveyed by Mr. Campbell and 
Dr. Swinden with regard to the ultimate standard of cleanliness 
which could be achieved by Perrin’s process. 

He had examined the Perrin product and he regretted at the 
present stage to have to make a statement on the subject because 
of the broad-minded way in which Perrin had dealt with it. The 
steel produced by the Perrin process was fairly clean. The stan- 
dard of cleanliness was far in excess, of course, of the cleanliness 
achieved in what might be called the heavy-steel trade. Dr. 
Swinden’s practice was, he believed, restricted to the high-frequency 
furnace, and in making his comparisons Dr. Swinden was comparing 
the standard of cleanliness—.e., the freedom or otherwise from little 
globules of oxide and slag—of the Perrin process with high-fre- 
quency steel. Mr. Campbell, when reading the paper, added a 
sentence which was not contained in the paper; referring to the 
subject of cleanliness he said, “‘ Of course, I am not referring to the 
special alloy-steel trade as conducted in Sheffield.” That was very 
important, because Mr. Campbell seemed to be losing sight of the 
fact that in Britain something like 90% of the total electric-steel 
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production came from the Sheffield district, and very many of the 
principal works used arc-furnaces, and those who were familiar 
with the possibilities of the electric arc-furnace process of making 
steel must know that there was no difficulty in producing steel of a 
cleanliness, according to the system which Dr. Swinden held so 
dear, of 15 to 25 in numerical values. Such standards could not be 
approached either by the high-frequency method or by the Perrin 
rocess. 

' There was one point which he would like to make for the con- 
sideration of his friend Dr. Swinden. Dr. Swinden said that the clean- 
liness of the steel as produced was such that it met the specifications. 
Dr. Swinden would probably admit that scientific people ought not 
to look at things in that way. Personally, he did not know of any 
specification which would not let through what he and others 
working the electric arc-furnace process in Sheffield would regard 
as very secondary material. In discussions before the Institute he 
thought it was desirable to keep to the really scientific aspect, and 
to ask, as Mr. Campbell asked, what was the standard of cleanliness 
possible by the different processes. If that question were asked, 
then electric arc-furnace steel finished under its last slag for hours 
and not minutes—and by that he meant one or two hours—was 
freer from non-metallic inclusions than steel which could be produced 
by any other known method at the present time. 

In conclusion, he would like to take the opportunity of paying 
tribute to the fact that it was Mr. Campbell himself who, working 
with Héroult, introduced those electric arc furnaces which produced 
the magnificent results to which he had just had the pleasure of 
referring. 


Mr. G. M. Brown (Sheffield) said that the two papers were written 
from rather different points of view, one being from the operating 
aspect and the other more or less from the point of view of a manu- 
facturer and operator. It was rather strange that in the first paper, 
notwithstanding the fact that the high-frequency induction furnace 
was to some extent an American development, it was not even 
mentioned; instead of that there was prominent mention of a 
low-frequency furnace such as was in extensive use in Europe many 
years ago, as Dr. Swinden had pointed out. 

Mr. Campbell had pointed out that the use of electric are fur- 
naces had become more or less standardised, and personally he 
thought that that was a fact for which everyone concerned should 
be thankful. One of the most striking features in the recent de- 
velopment of the arc furnace was the very great increase in the 
power inputs now used. In the case of a cold melting furnace that 
was due to the desire, no doubt, to secure very rapid melting. It 
was interesting to compare the furnaces described by Mr. Campbell 
with those described by Messrs. Farnsworth and Johnson. He 
assumed that the tons given by the latter were the short tons of 
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2000 Ib., and in that case figures of power input worked out more or 
less as follows: Messrs. Farnsworth and Johnson’s 50,000-lb. fur- 
nace required 448 kVA. per ton of 2240 lb.; Mr. Campbell’s furnace 
of the same capacity required exactly the same power input per ton if 
the input was taken as 10,000 kVA., the second figure given on p. 311P 
of his paper, and not 9000 kVA. as given in the table on p. 307 p— 
the figure of 10,000 kVA. seemed more in line with the maximum 
current specified of 23,000 amp. The smallest of the three furnaces 
of Messrs. Farnsworth and Johnson had exactly the same power 
input per ton as the larger furnace, but with the 15-ton furnace the 
power input was rather smaller. In the case of Mr. Campbell’s 
largest furnace of 66,000 lb., the power input per ton was only 
204 kVA., and in the case of his 12-ton furnace (26,000 lb.) it was 
302 kVA. There seemed to be a remarkable difference between 
those figures, and it might be due to the fact that the furnaces were 
of different ages, or, more probably, were intended for different 
purposes. He would like Mr. Campbell to throw some light upon 
that point. 

Mr. Campbell had also dealt with the question of graphite and 
carbon electrodes. Some time ago an investigation was published 
in Stahl und Eisen, in the course of which the author came to the 
conclusion that there was very little to choose from the point of 
view of operating cost between graphite and amorphous carbon 
electrodes. The current density in the electrodes of the furnaces 
described in the present papers worked out as varying from 75 to 
95 amp. per sq. in. for graphite and 30 to 37 amp. per sq. in. for 
amorphous carbon, either solid or of the Soderberg type. Evi- 
dently the Soderberg and amorphous carbon electrodes must be 
very much greater in diameter than the graphite electrodes, and one 
would expect that there ought to be a corresponding amount of 
difficulty in maintaining a good roof with amorphous carbon and 
Soderberg electrodes as compared with the much smaller graphite 
electrodes, and the amount of air leakage into the furnace, if the 
economisers and the electrodes were not kept in perfect condition, 
must be very much greater. That would have a somewhat dis- 
turbing effect upon the manipulation of the finishing slags required 
for some alloy steels. 

In connection with the question of slags and finishing, it was 
rather interesting to note that the methods used and described by 
the two American authors were very closely in line with those de- 
scribed in a book written as long as twelve years ago, and, further, 
that one method of rapid dephosphorisation mentioned by Mr. Camp- 
bell was specifically mentioned also in that particular publication, 
namely, the method of dephosphorising by a lime slag with a small 
proportion of iron oxide in it. 

Dr. Swinden and Dr. Hatfield had both dealt with the question 
of speeding-up the reactions. From an engineering point of view 
1 F. T. Sisco, “‘ The Manufacture of Electric Steel.” 1926. 
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and a purely physical viewpoint, one rather hesitated to accept the 
idea that one could make an emulsion of slag in steel and have it 
cleared quickly to the same extent as it could be by standing 
almost still under suitable slag conditions and at a suitable tem- 
perature in an arc furnace, or even that it could be cleared to the 
same extent as it would be in a high-frequency furnace of suitable 
high frequency. 

There was another and a very interesting question which had 
been raised, namely, that of the circulation of the metal in furnaces. 
He said “ furnaces’ because he included both arc furnaces and 
high-frequency induction furnaces, and also low-frequency induction 
furnaces as well. There was, of course, no comparison between 
them regarding the rapidity of circulation. Three or four years ago 
a very careful investigation of the circulation in an arc furnace was 
made in Germany, and a complete account of the results was pub- 
lished. The net result was to show that there was almost no cir- 
culation in an arc furnace at all except in the immediate neighbour- 
hood of the electrodes. In the high-frequency furnace and the low- 
frequency furnace there was necessarily a circulation of the molten 
metal, and from that point of view the selection of the proper fre- 
quency at which to operate an induction furnace was a most im- 
portant matter and one which deserved much thought. In the 
high-frequency coreless induction furnace the power input was pro- 
portional to the product of the square-root of the frequency and the 
square of the current. If the frequency was low, the current to 
get the same power output must necessarily be higher than that at 
a high frequency, so that the current density in the coil and in the 
metal must be greater and there must be a correspondingly greater 
electric repulsion between the coil and the liquid metal which formed 
the core. That repulsion caused the surface of the liquid metal to 
assume the shape of a flattened dome, the metal gradually departing 
from contact with the side of the lining and bending over to meet 
at the highest part of the flattened dome. The hot metal rising to 
the surface, where there was generally a very thin coating of slag, 
if any, cooled and flowed down the side of the dome. The rate at 
which it flowed would evidently depend on the height of the dome, 
and probably be proportional to something between the height and 
the square-root of the height of the dome. The result of that was 
that owing to the higher current density required in low-frequency 
furnaces the dome was higher, and the flow of metal—i.e., the cir- 
culation of the molten charge—was very much more energetic. 
He thought that it should practically vary inversely as the square- 
root of the frequency, so that a furnace working at 50 cycles would 
have a circulation about five to six times as vigorous as that in a 
furnace operating at 1500 cycles. That question, again, was bound 
up with the diameter of the molten core, i.e., with the capacity of 
the high-frequency furnace, and the difference would be much more 
marked in small than in large furnaces. 
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He would like to refer to the possibility, mentioned by Dr. 
Swinden, of the simultaneous control of the circulation and heating, 
and in that connection he would mention the very interesting 
furnace designed by a well-known firm of electrical engineers a few 
years ago and provided with both high-frequency and low-frequency 
supplies, independently controlled. The low-frequency supply had 
very little effect on localised heating compared with the high- 
frequency, so that it was quite possible to introduce a sufficiently 
powerful low-frequency component into the winding of the furnace 
to create considerable circulation and motion of the metal while 
still having the control of the heating effect definitely in hand. 
Mr. Campbell had not referred to that furnace specifically. 

Recently on the Continent experiments had been made with a 
25-cycle coreless induction furnace, but they were not successful, 
inasmuch as before melting could be carried out it was necessary 
to do what the Americans had to do in their low-frequency in- 
duction furnace, namely, provide a solid core or ring of metal to 
start with. 

Many of the larger high-frequency induction furnaces now in 
use were being worked with acid linings, and basic linings were 
avoided as far as possible. This being the case, the use of such 
furnaces for refining and for the elimination of sulphur and phos- 
phorus would not make much headway until it became possible 
to produce improved basic linings. The inductance of a furnace 
increased as the thickness of its lining was increased and the efficiency 
diminished. These effects varied with the ratio of the thickness 
of the lining to the diameter of the furnace and it would seem that 
some sacrifice of both the power factor and efficiency might be 
worth while to secure a strong and durable basic lining, especially 
in the case of large furnaces. 


Mr. A. G. Lostey (Birmingham) remarked that he had listened 
with great interest to Mr. Campbell’s very able and comprehensive 
review of the development of the electric melting furnace as em- 
ployed in European steelworks, but he would like to point out that 
the title of the paper was too wide, since it embraced electric heat 
treatment, which was in fact not dealt with in the paper; a 
more correct title would have been “ Electric Melting Furnaces in 
European Steelworks.” 

In his reference to electrode control, Mr. Campbell made a 
sweeping statement without producing evidence to support it; he 
asserted that hydraulic electrode regulators were more rapid and 
flexible in operation than those actuated purely electrically. Per- 
sonally, he did not know what was the basis for that statement, 
but perhaps Mr. Campbell had compared modern hydraulic regu- 
lators with old-type electric regulators. One wondered whether 
he had had any experience of a really modern electric regulator. 
It was no use simply comparing the swing of the ammeter or kilowatt- 
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meter needles or the resulting charts, because such results were 
greatly affected by the amount of damping in the instruments as 
well as by the circuit reactance and the type of scrap being melted. 
It was significant, however, that although there were as many 
electric furnaces installed in America as in all other countries 
together, hydraulic control was almost non-existent, although it 
had been introduced there. 

Mr. Campbell would probably agree that a sluggish electrode 
controller would promote carbon pick-up. Within the past two 
years several firms employing a modern electric type of regulator 
with a full counterbalanced electrode system had been melting all- 
scrap charges of stainless steel containing 0-06°%, of carbon, and 
bringing out the charge with 0-06% of carbon. That result could 
hardly be improved upon by any type of hydraulic regulator. He 
did not wish to say anything against the performance of hydraulic 
regulators, which were excellent, but merely to protest at the 
unwarranted slur on the electric type, the best of which, when coupled 
with the best type of electrode gear, could operate at least as quickly 
as any other type. 

His colleague, Mr. A. G. E. Rosrerre, who was unable to be 
present, had asked him to make certain observations on his behalf. 
Mr. Robiette pointed out that when Mr. Campbell dealt with iron 
smelting he left the impression that the furnaces employed were of 
the open-pit type, as used for ferro-alloy manufacture. That, 
however, was not the case, since the large furnaces of over 6000 
kVA. had an enclosed roof and were not as shown in Fig. 1. Mr. 
Campbell also stated that coke or coke-breeze was used for the re- 
duction, but presumably meant coke and coke-breeze, since breeze 
alone would give too dense a charge, and correct grading was 
essential to the success of the operation. 

Mr. Robiette would be glad to know whether Mr. Campbell had 
any information as to the practicability of using a mixture of 
charcoal and coke, which might have advantages in certain localities. 
With regard to the swivelling-roof type of furnace, Mr. Campbell 
made another vague assertion by referring to the ram being attached 
to the furnace casing. That method of mounting the ram on the 
furnace was in fact comparatively little used. The original swivelling- 
roof furnace was introduced in the United States of America and 
was being used on this side of the Atlantic as well, and the type 
then introduced had the ram mounted on the foundation. Mr. 
Robiette had seen both types in operation and could see no differ- 
ence in the way the roof rested on the body. Mr. Campbell rather 
inferred that the swivelling-roof method was suitable only for small 
furnaces and not for large ones. If the ram were mounted on the 
furnace casing that would be true, because it was not a rigid place 
on which to mount it, but furnaces with the ram mounted on the 
foundation had been made up to large sizes—30 to 40 tons—and 
undoubtedly 90-95% of them were mounted in that way. There 
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were numerous disadvantages in mounting the ram on the case; 
for one thing it was necessary to have flexible hydraulic connections, 
and the possible distortion of the shell was also a very important 
objection. 

In another place Mr. Campbell gave the impression that a 
bucket with a self-tripping catch was a preferable arrangement. 
Any such mechanism, however well designed, was bound to deteri- 
orate when it was continually being brought into contact with a 
furnace hearth at high temperature. The general consensus of 
opinion amongst furnace users seemed to be that such mechanisms 
should be avoided, and many had been replaced by the rope method. 

Mr. Campbell did not give much information about the rotating- 
body type of furnace. He stated that a saving of 25-30 min. in 
melting time with a high-power furnace might be obtained, but the 
furnace which he cited seemed to be of only moderate power by 
modern standards. In America furnaces with a 10- to 12-ton 
charge melted their whole charge in 24 min., and with such a furnace 
the time lost by switching off, raising the electrodes, rotating the 
shell and switching on again might be equal to any saving which 
could be realised. 

On the question of improving the refining conditions by slightly 
rotating the furnace body, it was interesting to know that there was 
no evidence to show that this was obtained. In any case, the slag 
and metal were in movement in a horizontal plane even when the 
furnace was stationary. 

These criticisms were offered in order to elucidate points upon 
which there had been some measure of controversy, and not in any 
unduly critical spirit. 





AUTHORS’ REPLIES. 


Mr. FaRNswortu and Mr. Jonson, in reply, wrote that first of 
all they wished to extend their appreciation to Mr. Campbell for 
presenting their paper for them, since they had been unable to be 
present at the Meeting. They also wished to thank Dr. Swinden 
for his excellent contribution. 

The discussion relative to hydrogen content was interesting; 
the authors wished to point out that the hydrogen content as 
determined by the vacuum fusion method gave a figure which was 
rather low, having no relationship to the hydrogen that might have 
existed in the molten metal prior to solidification. They felt that 
hydrogen was absorbed in the molten state very easily, and during 
the solidification of the metal this hydrogen was given off, resulting 
in very unsound material. This absorption of hydrogen, which 
generally came from the presence of moisture, could be controlled, 
as mentioned in the paper, by watching the slag conditions, by 
avoiding a reducing condition for too long a time. The authors 
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felt that in the induction furnace of the low-frequency type which 
they used there was constant oxidation and continued contact of the 
metal with the atmosphere, and as a result of this constant oxidation 
no hydrogen would be absorbed. 

The low-frequency induction furnace was installed in 1929 at a 
time when high-frequency furnaces of considerable capacity had 
not become available. It was necessary to have a furnace of 
sufficient capacity at that time in order to be able to handle the 
process on a production basis for the remelting of austenitic stainless. 
steel scrap. 

The authors wished also to thank Dr. Hatfield for his interesting 
comments. 


Mr. CAMPBELL thanked Dr. Swinden for his contribution to the 
discussion and the confirmation of his remarks about the quality of 
ingots made by “ quick metallurgy,” as he knew that Dr. Swinden 
had made a complete and exhaustive research on the subject. 

Mr. Campbell, in reply to Dr. Hatfield, said he had expected and 
indeed hoped for some criticism of the statements about rapid 
metallurgy, and, with all respect to Sheffield practice, he must ask 
that it should be borne in mind that his paper was intended to cover 
the use of electric furnaces throughout Europe, and not to deal only 
with Sheffield practice. He had particularly said with regard to 
inclusions in steel made by rapid metallurgical methods that the 
results obtained were equal to those obtained under normal electric- 
furnace practice. A much larger tonnage of steel in Europe was 
made in electric furnaces, for comparatively common purposes, than 
the production of special steels in Sheffield, and he ought perhaps 
to have referred to ‘‘ Continental ”’ instead of ‘‘ European ”’ practice. 
In Italy and Sweden a large tonnage of electric steel was produced in 
competition with open-hearth steel by melting cold charges, and 
basic Bessemer liquid steel was refined on the Continent to produce 
medium-quality steels which were not comparable with the extra- 
ordinarily high standard that was sought in the Sheffield steelworks. 

Mr. Campbell referred to Dr. Hatfield’s criticism that the furnaces 
with which he dealt were principally of British construction, and 
said that he had, in fact, tried to cover the European practice very 
widely. The illustrations in the paper referred to Italy, Sheffield, 
Germany, Sheffield, Sweden, Germany, Sheffield, Stocksbridge and 
Italy, and the data referred to furnaces built in Britain, France, 
Germany, Italy and Norway, so that it must be agreed that he had 
not been narrow in his outlook. 

Dr. Hatfield stated that he had given a “ theatrical effect ” to 
his statement about rapid metallurgy. He did not wish to suggest 
that these methods would be universally applicable, but the 
demonstration of “rapid metallurgy,” which was undoubtedly 
based on sound physical chemistry, struck him as a stimulating 
experience suggesting a whole new field of research and development 
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the future. 


’ had nowhere mentioned the name of any manufacturer or 


the broadest possible lines. 


the kilovolt-ampéres provided on any individual furnace. 


the power contract. In Sheffield, for example, where the 


consequently, less powerful transformers might be used. 


were excellent, if they were modern and well maintained. 


modern installations were hydraulically controlled. 


was not controlled by any electrical manufacturing firm, 


Personally, he saw no reason whatever why larger furnaces 





which was bound to influence profoundly steelmaking practice in 


It was noteworthy that some hundreds of thousands of tons of 
special steels of excellent quality had already been made in this way. 
With regard to the remarks of Mr. Lobley and Mr. Robiette, he 


particular type of furnace. He had tried to deal with the matter on 


Mr. Brown mentioned the question of the big variation of the 
kilovolt-ampéres on different furnaces and asked what determined 


was a complicated subject. The probability of a company being 
able to sell the output of a powerful furnace sometimes determined 
the kilovolt-ampéres. Another important factor was the terms of 


supply was under municipal control, steelmakers were favoured, 
and some furnaces paid only on the kilowatt-hours consumed, 
instead of having to pay a heavy maximum demand charge based 
on the peak load. In other districts a heavy kilovolt-ampére 
charge made the installation of large transformers a very heavy 
annual liability, which might be ruinous in times of bad trade, and, 


With regard to Mr. Lobley’s remarks, he was not prepared to 
argue the case of hydraulic against electric regulators. Both types 


largely a matter of choice, some people preferring one type and some 
the other. Perhaps in districts of excessive cold the electric type 
might be preferred, but it was noteworthy that in Scandinavia most 


In reply to Mr. Lobley’s query whether he had any knowledge of 
really modern electric regulators, Mr. Campbell mentioned that 
he had been responsible within the last three weeks for starting a 
30-ton 6,000-kilovolt-ampére Héroult furnace equipped with the most 
modern American electrical regulators, which worked excellently. 
In the case of one European arc furnace construction company which 


interesting to note that, of ten furnaces quite recently constructed, 
five were equipped with electric and five with hydraulic regulation. 

Mr. Robiette suggested that the description of the iron ore 
smelting furnace was of an open-pit-type furnace, but clearly this 
could be sv. The cover of the furnace could be seen in the illustra- 
tion, and the fact that a recovery of gas was mentioned made it 
obvious that it was not an open-pit-type furnace. Mr. Robiette’s 
information about American furnace practice was naturally omitted, 
as the paper dealt with European steelworks practice. The state- 
ment that the swivelling roofs had been used principally on small 
furnaces was referring to the state of development in Europe. 
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not be built with a swivelling roof, and, in fact, they were now being 
built of much larger capacity. 

With regard to charging baskets, there were several different 
types and as many different opinions about their merits. As in 
the case of the controversy about hydraulic and electric regulators, 
it was very much a matter of personal opinion. 
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Discussion on 
THE QUENCH-AGEING OF STEEL.! 


By Prorressor J. H. ANDREW, D.Sc., anp E. M. TRENT, M.MEt., 
Pu.D. (IRONMONGERS CoMPANY RESEARCH SCHOLAR), 


(THE UNIVERSITY OF SHEFFIELD.) 


This paper, which was printed in the Journal of the Iron and 
Steel Institute, 1938, No. II., pp. 241 p—288 P, was discussed at a 
Joint Meeting of the Institute with the Sheffield Metallurgical 
Association and the Sheffield Society of Engineers and Metallurgists, 
held in Sheffield on Tuesday, December 6, 1938. A summary of 
the paper, the discussion and correspondence on it and the authors’ 
reply are recorded below. 


SUMMARY. 


Details are given of experiments carried out to determine the 
effect of carbon upon the rate and magnitude of ageing, as measured 
by increment in the Vickers hardness values—ageing being brought 
about by quenching the normalised steels from temperatures below 
the Ac, transformation point. 

The effect of small additions of silicon, manganese, aluminium 
and molybdenum have also been determined. The method adopted 
was to carburise pure iron in acetylene gas, along with pure iron to 
which the special elements had been added. The carburised bars 
were sectioned by cutting them at such an angle as to allow of a 
large number of hardness impressions to be taken between the 
carburised surface and the centre of the bar. ; 

In nearly all cases, it was found that the maximum increment 
in hardness at 25° C. occurred in a zone corresponding to a carbon 
content of approximately 0-035%, after quenching from a tem- 
perature just below the Ac, point. This carbon content corresponds 
to that amount which is regarded as the limit of solubility of 
carbon in «-iron. 

The addition of manganese up to 1-:0% or of molybdenum up 
to 10% decreased the ageing; silicon up to 0-88% produced but 
small differences, whilst aluminium up to 0-47% brought about an 
increase in ageing as measured by hardness determinations. 

Nitrogenised iron after quenching from certain temperatures 
gave a much greater increment in hardness as compared with iron- 
carbon alloys; further, nitro-martensite, unlike martensite in an 
iron-carbon alloy, showed considerable ageing at atmospheric tem- 
perature. The view is held that the increment in hardness pro- 


1 Received May 31, 1938. 
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duced in ageing is due to the strain in the lattice produced by 
carbide of iron or nitride of iron, prior to their precipitation from 
solid solution. 

The effect of a Vickers diamond impression when made imme- 
diately after quenching for ageing and after quenching followed by 
fully ageing, is of considerable interest. In the former case, no 
effect upon the precipitation was produced, but in the latter the 
whole of the carbide or nitride immediately surrounding the impres- 
sion was taken into solution. This clearly signifies that mechanical 
strain is in itself sufficient to bring about a re-solution of carbide 
or nitride, when such a strain is imposed at atmospheric tempera- 
ture. Whether this is due to a temperature effect along the slip 
planes cannot as yet be stated, but further work is in progress 
relative to this problem. 





DISCUSSION. 


Mr. J. WooLmAN (President of the Sheffield Metallurgical Associa- 
tion) said he thought Dr. Trent was to be congratulated on the way 
in which he had carried out this work, and the manner in which 
he had presented the paper to the meeting showed that he was 
a master of his subject. 

Dr. Trent had emphasised that there was a difference between 
strain-age-hardening and quench-age-hardening. It was not quite 
certain that this had been definitely established, because in the 
quenching of the specimens there must have been some stress 
produced throughout the specimen which might have caused 
permanent strain, and therefore the specimens might have been 
subjected to strain-age-hardening, although no external stress had 
been applied to produce the strain. 

It was very difficult to understand why there was maximum 
hardening at the position, in the case of carbon alloys, where the 
carbon concentration was that of the limit of solubility of carbon in 
a-iron. One would expect that with the higher carbon contents 
the ferrite would also contain 0-035%, of carbon m solid solution, and 
would therefore give the same increase in hardness on quenching 
and ageing. Had the authors an explanation to offer for this 
phenomenon ? 

The authors had mentioned X-ray evidence to prove that no 
actual precipitation was responsible for the age-hardening, but 
little regard could be paid to this evidence, since X-rays would not 
detect the presence of any particle below a certain size. The absence 
from the X-ray spectograms of any indication of precipitated 
particles might not necessarily, therefore, indicate that particles 
below a certain size had definitely not been precipitated. 

One was now given to understand that there were two types of 
age-hardening, one in which definite particles were precipitated and 
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the other in which atoms, still in solid solution, tended to segregate 
ingroups. By determining the change of specific heat of the materials 
with rise of temperature Dr. Sykes claimed to be able to differentiate 
between the two types. It would be interesting to see whether this 
method of investigation would throw any light on the problems 
dealt with in this paper. 


Dr. S. A. Matn (Sheffield) said that he was interested in this 
subject not so much in a practical way as from the point of view as 
to what was happening inside the steel when this hardening happened. 
The authors appeared to have provided a very strong reinforcement 
of the existing theory in finding that the maximum hardening 
occurred at the composition at which carbide began to appear in the 
microstructure. Theory, of course, said that «-iron could take 
carbon into solution, and that the hardening occurred by that 
carbon coming out of solution—or possibly not by precipitation but 
by some rearrangement inside the solution ; while it was «-iron which 
took the carbon into solution, was it quite certain, however, that 
those portions of the iron which then had the carbon in solution 
were still in the « form? That seemed to have been rather too 
readily assumed by Whiteley and others since. 

Now 0-035°%, of carbon was a very small amount of that element 
to saddle with such large effects as an increase of 80 points in the hard- 
ness of a material of which the original value was only about 120 
to begin with. In terms of austenite, or of its decomposition product 
martensite, reckoned as eutectoid in composition, the amount 
though still small was more sizeable, i.e., 4% or so, and there was 
less difficulty in associating the hardening effects with the carbon. 

If a solution with an « structure was really the necessity for this 
hardening, then the material that was best predisposed to the harden- 
ing was surely one with the fullest proportion of «-iron when 
starting the quench-ageing treatment; that, of course, would be 
obtained by very slow cooling of the material through the A, point. 
He did not think that was the case according to the records of other 
work on the subject. Incidentally, fuller particulars might, he 
thought, be given as to the treatment in all cases before quench- 
ageing. 


Dr. TRENT said that actually it was stated. 


Dr. MArn, continuing, said he had read the paper through but 
could not satisfy himself as to what the treatment was in all cases 
before the quench-ageing was carried out. 

The equilibrium diagram showed that below the Ac, point the 
iron was fully in the « form, but was the iron in such an ideal con- 
dition before quench-ageing? If the change from austenite to 
ferrite below the A, point was rather slow in its later stages—that 
was to say, the last portions of austenite did not change very 
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rapidly to ferrite—then a small proportion of austenite must be 
expected in the normalised steel; if so, there would be a larger 
amount than 0-035% of carbon in solution and available for the 
quench-ageing process. 

On quite another point, Dr. Trent had explained that the rate 
of quench-ageing depended on the temperature during ageing. It 
was therefore reasonable to suppose, he thought, that when different 
alloying elements were added, the best temperature for producing 
age-hardening might be different for those different steels. 'There- 
fore, when comparing all steels at an arbitrary level of temperature— 
that was, atmospheric temperature—were the true relative capabil- 
ities of those elements, nitrogen, silicon, aluminium, molybdenum, 
in influencing quench-ageing satisfactorily determined? If not, 
it seemed rather premature to draw the conclusion—as in p. 254 p— 
that the results confirmed that the influence of manganese was in 
accord with its known other properties. In the wider exploration 
that seemed necessary on that question, would it not be necessary 
to try temperatures lower than atmospheric? That, of course, 
would for good reasons be of no use for practical purposes, but it 
would make for a more complete understanding of the processes at 
work. 


Mr. H. H. Burton (Sheffield) congratulated Professor Andrew 
and Dr. Trent upon a very excellent paper, and especially upon the 
experimental work, which he thought was extraordinarily ingenious. 

There was one question that he would like to ask. Dr. Trent 
had described the method of testing these carburised specimens, 
which had subsequently been tapered, he presumed, by grinding. 
Mr. Burton was particularly intrigued to know how the effect of 
grinding could be allowed for in such a case, because the ageing 
effect was so pronounced at quite low temperatures that one would 
expect the heating effect of the grinding to have been quite surprising 
in many cases. 


Dr. TRENT said that the specimens were ground before they were 
quenched, before they were heat-treated. 


Mr. Burton asked how they were subsequently polished. 
Dr. TRENT replied that they were polished with emery paper. 


Mr. Burton, continuing, said that that, even, would generate 
heat. Another point was that Mr. Woolman had touched to some 
extent on the question of stress, but only in connection with the 
possibility that the stress might be accompanied by strain, but it 
did seem quite possible to Mr. Burton that some of those curious 
kinks in the curve that Dr. Trent showed might be due to stress 
distribution as well as to the effects of quench-ageing. It seemed to 
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him that it might be very interesting to compare, on exactly the 
same steel and with the same heat treatment, specimens of very 
greatly varying thickness, some of them being so thin that one was 
quite sure that the rate of cooling at the centre of the piece was 
sufficiently great to get the maximum quenching effect. 


Mr. G. STANFIELD (Sheffield) wished first of all to refer to the 
question of embrittlement. In describing the properties associated 
with quench-ageing, embrittlement was one of the properties men- 
tioned. He thought that it was well known that many alloys, if 
not most of them, which could be hardened by some process of pre- 
cipitation, suffered at the same time from serious embrittlement. 
He would ask the authors whether the precipitation process applied 
to low-carbon steel, viewed as a practical method for obtaining 
some increase of hardness, was on the whole a better or a worse 
method in comparison with other methods of obtaining hardness. 
In other words, if by ordinary methods of hardening one obtained 
similar final hardness, would the quench-ageing process give a 
better or a worse ductility ? 

With regard to grain size, the authors mentioned that it was 
possible to obtain the precipitation-hardening effect in aluminium- 
treated steels. He thought that in the steels mentioned in the paper 
the aluminium was added to pure iron-carbon alloy, and he would 
ask the authors if they could indicate what was the grain size of 
the aluminium-treated material produced from this type of base 
material. How did the results compare with those obtained on 
aluminium-treated steels produced by ordinary commercial methods ? 

Concerning the theory of the process, he was afraid that this was 
a field of speculation. This new picture which put the carbon atoms, 
or the nitrogen atoms, into a new position preparatory to being 
precipitated was rather difficult to accept. The idea needed 
developing much further to make it understandable. As an alterna- 
tive, was it not possible that there was some analogy between quench- 
age-hardening and the production of martensite in ordinary harden- 
ing operations? One had been in the habit of looking on martensite 
as a type of forced solution of carbon in «-iron, or possibly one with 
the carbides precipitated in an extremely fine ultra-microscopic con- 
dition. Would not a similar conception apply to quench-ageing ¢ 

Just one reference to nitrogen. The authors said that they 
obtained a greater effect from nitrogen, in regard to the quench- 
ageing, than from carbon, because more nitrogen went into solution. 
He did not think that that followed at all. Very often it would be 
found that the elements which were least ready to go into solution 
produced the greatest hardening effect. He would not say that 
that always applied, but he did suggest the contrary should not be 
assumed. 

There was one matter on which he was sorry the authors had not 
had time to touch, and that was the feature illustrated by Fig. 65. 

1939—i 2L 








5l4P ANDREW AND TRENT: 


The suggestion was, he believed, that deformation took some- 
thing back into solution. If that was correct, he thought it was an 
entirely new proposal for ordinary temperature conditions. It 
suggested that an unstable solution was rendered stable by a small 
amount of cold-work. He wanted to suggest that it was possible 
that some of the etching effects showed a result which did not 
always represent a constituent. Apparently many nitride needles 
were present. He was not satisfied that these apparent needles 
were really definite constituents of the structure. If his last 
suggestion was correct, and the markings were only an etching 
effect, then it was not necessary to picture something going back 
into solution. 


Dr. A. H. Jay (Stocksbridge, near Sheffield) said that the increase 
in hardness of low-carbon irons during ageing after water-quenching 
from, say, 700° C.—below the Ac, point—seemed to him to allow 
of a simple explanation. Quenching of a 0-03° carbon iron from 
the «-iron solid solution phase at 700-720° C. would give at room 
temperature «-iron with carbon in supersaturated solution. On 
ageing at room temperature some of this carbon, being now above 
the solubility limit, would attempt to come out as a separate phase, 
Fe,C. This phase would probably be submicroscopic. This urge 
was responsible for straining the crystalline lattice of the iron and 
accounted for a higher hardness value. The degree of straining 
would be related to the amount of carbon trying to separate out, 
i.e., the percentage above the solubility limit at room temperature. 
One could therefore account for an increasing effect of age-hardening 
after quenching from below the Ac, point for irons varying in carbon 
content from zero to 0-03;°%. With higher carbon percentages iron 
carbide was present at the quenching temperature. It was reason- 
able, therefore, that in the cooling of such irons some of the carbon 
in excess of the solubility limit would be deposited in the form of 
iron carbide on the existing iron-carbide nuclei. Thus, the amount 
of carbon now supersaturated in the iron was less and the 
hardening effect during ageing was reduced. The higher the carbon 
percentage the greater would be the effect of these carbide nuclei 
and the less the phenomenon of age-hardening after quenching. 

Further, the straining effect of a lattice by “ impurities ” was less 
when these were in discrete particles than when in submicroscopic 
form. 


Mr. D. A. OLiver (Sheffield) wished to ask the authors whether, 
in mentioning their last modification of the theory of age-hardening, 
they had in mind the very beautiful and, he thought, very important 
work of Preston ! on copper-aluminium alloys. In studies on the 
age-hardening of copper-aluminium alloys it had been quite definitely 


1 Preston, Proceedings of the Royal Society, 1938, A. vol. 167, p. 526: 
Philosophical Magazine, 1938, vol. 26, p. 855. 
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proved that the copper atoms did tend to form in sheets, and X-ray 
diagrams had been taken at different stages of this ageing process 
and fairly complete information obtained as to how the copper 
atoms arranged themselves in the alloy. There was, therefore, if 
one could draw parallels with systems such as the authors had 
described, very strong evidence for supposing that the atoms did 
move into parallel planes which had less energy associated with 
them before the precipitating phase made its appearance. 

In saying that the carbon was in solution, either as carbide or as 
carbon (he would not discuss that point now), the authors did 
not emphasise that in all probability the carbon was largely 
present as an interstitial element, as indeed nitrogen would be as 
well. He thought that the question of carbon coming out of inter- 
stices in the lattice was quite a different problem from the considera- 
tion of atoms coming out of solid solution, when they were replace- 
ment atoms in the lattice. Mr. Oliver added that he just wished to 
make these two points, and would be interested to learn whether the 
authors considered that they had a bearing on the special systems 
which they had studied very fully. 


Mr. R. C. Tucker (Sheffield) thought that steel metallurgists 
talked about embrittlement in what he considered to be rather a 
loose way. In speaking of embrittlement the steel metallurgist 
almost invariably referred to the Izod test, and although that test 
did reveal notch-embrittlement it did not necessarily show up a 
dangerous condition in service. What the authors had described— 
this method of quench-ageing as applied to mild steels—did cut 
down the ductility, and also in coarse-grained steels it reduced the 
notch-sensitivity, but in fine-grained steels it did not reduce the 
notch-sensitivity to anything like the same extent. He thought that 
the same position arose in some copper-alloy steels, where, by 
precipitation-hardening, very high Izod values could be obtained ; 
therefore, with castings or delicate difficult-shaped forgings, this 
method of heat treatment was a safer one than the normal quenching 
and tempering treatment, which led to distortion. Taking the 
hardness as a criterion of the steel, the strength did not necessarily 
in all cases represent a definite embrittlement. He would like some 
enlightenment on that point. 

With regard to the hardness test and Fig. 65, where the structure 
seemed to be altered by the diamond impression, it seemed to him 
that this was cold-work that was applied to the specimen after this 
quench-ageing—in other words, the impression of a diamond was 
in effect some sort of strain or of cold-work applied to the material. 
If only a method of test which did not distort the specimen were 
available one might find a somewhat different position of affairs in 
so far that the material for testing would not be strained in any way 
at all, apart from the quenching strains that a previous speaker 
had mentioned. 








516 P ANDREW AND TRENT: 


Dr. W. H. Hatrrecp, F.R.S. (Vice-President, Sheffield), said 
that the authors, at a very early stage, characterised the embrittle- 
ment of boiler plates as age-hardening. Well, he disagreed. He 
thought that, first of all, one must find the embrittled boiler plate, 
which was very difficult indeed. Mr. Stanfield and he, for over 
twenty years, had looked for these brittle boiler-plate steels. In 
his opinion, such material was rather a figment of the imagination. 
The brittleness which was usually observed could frequently be 
traced definitely to accidental causes, and he did not think for a 
minute that such a phenomenon was in any way associated with the 
age-hardening described by the authors. 

As he listened to the presentation and discussion of the paper 
his principal deduction was that the subject-matter dealt with was of 
great interest, but he did not come to the same conclusion as Mr. 
Tucker, that herein lay a method of heat treatment for producing 
steels of higher mechanical properties commercially, for this reason, 
that the whole of the experiments related to small mass effects. 
The authors had stated that if these very small specimens were 
cooled in the air then they did not remain in the condition in which 
the subsequent superposed time effect would produce the age- 
hardening, so that he thought that one might deduce from that that 
the phenomenon with which they were dealing was not of interest, 
for instance, from a standpoint of marine forgings or even much 
smaller sections of materials in commercial use. Nevertheless, the 
experiments were intensely interesting, and he thought that the 
experimental work would stand. 

When the authors commenced to provide an explanation he 
must entirely agree with his colleague Mr. Stanfield. He thought 
that their attempt to explain the phenomenon was very far-fetched 
indeed. They had gone into a realm which, said in the kindest 
way, they really did not understand, and he did not think the 
explanation was worthy of the quality of the experimental work. 
He hoped that he was not taking advantage of his position as 
Chairman that evening, but just to point the moral of what he had 
said, that when one was looking for explanations they did become 
difficult, take an ordinary mild steel, a forging steel; if its tem- 
perature were gradually raised to 100°, 200°, and 300°, and the 
tensile test were actually pulled at those increasing temperatures, 
a hardening and a loss of ductility were obtained of the same order 
as the authors had obtained by this age-hardening effect. That 
hardening and that loss of ductility were registered at the elevated 
temperature. Before the authors started to explain mechanical 
properties, and the influence and the advent of phenomena such as 
they described, he would ask them to explain the much more 
simple phenomenon that he had just put before them. One could 
increase the strength of a mild steel to over 35 tons per sq. in. at a 
temperature of something like 300° C., and the drop in ductility and 
the increase in hardness would be observed. Now, let them visualise 
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for a minute the constitution of that. material at that temperature 
from the standpoint of atomic physics, and where were we? We 
had not begun really to explain that simple phenomenon, so how 
could the authors explain by their theory the problem with which 
they were dealing? In Fig. A would be found full data of the change 
intmechanical properties with temperature in an instance where the 
maximum stress of 35 tons per sq. in. became 45 tons per sq. in. at 
200° C. 

Perhaps one of the key effects that the authors put forward was 
that they regarded fully aged ferrite as having a Brinell hardness of 
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200. Well, now, he would like them to be a little more precise, and 
endeavour to let one see their mind working on the constitution of 
ve they described as fully aged ferrite which had a Brinell hardness 
of 200. 

Dr. Hatfield did not want these remarks to be taken as critical, 
because the paper was undoubtedly a very interesting one, and he 
a that this field would receive quite a lot of attention in the 
uture. 


Mr. H. H. Burton (Sheffield) said that he could not let one state- 
ment made by Dr. Hatfield pass without some further explanation, 
because he himself felt that the increase that Dr. Hatfield was quoting 
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—the increase in tensile strength at temperatures of 200-300° C.— 
probably provided a definite support for the authors’ theory. It 
seemed to him (Mr. Burton) quite conceivable that this precipitation 
age-hardening was actually taking place during the straining of 
the specimen at 300° C., and that on cooling down again from 
that temperature at a relatively slow rate its effects disappeared at 
normal temperatures. In support of the first idea he would remind 
Dr. Hatfield of certain experiments of which he knew, where they 
had found that the rate of straining, in steels treated in a certain 
way, as compared with a normalised steel, actually increased the 
peak which was reached in the tensile strength at 300°C. That was 
very striking indeed. When pulled at a fairly rapid rate, at a normal 
rate, and loading at a rate of 1 ton per sq. in. per min., there was 
very little increase in the maximum stress of specimens treated in a 
certain way, but when pulled very much more slowly they got a 
peak almost as great as that for the normalised steel. He was 
inclined to think that the illustration put forward by Dr. Hatfield 
supported the theory, rather than otherwise. 


Dr. W. H. Hatriecp, F.R.S. (Vice-President, Sheffield), in reply 
to Mr. Burton, said that he did not want him to think that the 
specimen was under strain during the period of heating. It was 
heated up free from strain, except just thermal stresses; then if 
a series of test-pieces was subjected to progressively increasing 
temperatures one did as a matter of fact get very heavy peaks 
sometimes with mild steel, quite of the order of the difference shown 
here, and in fact the matter was so interesting that he would look 
up his archives and put forward a suitable case for the consideration 
of the authors from a theoretical point of view. There was no 
strain-ageing. This was the point, Professor Andrew: These test- 
pieces were all pulled at the same rate, so that stresses of the same 
order of progression were applied in the same period of time, and 
therefore it was clear that the response of the steel to the same sets 
of applied stress was different—which was the whole point, of course. 
Anyway, it was a matter for reflection that one did, as was well 
known in all the Sheffield works, obtain a hardness and brittleness 
in the blue-black range of temperature which had been the cause 
in the past of many valuable forgings being broken when the attempt 
had been made to bend them and rectify them. 


Mr. A. J. MacDoveatt (Sheffield) said that the authors had 
given the limit of solubility of carbon as 0-035% at the end of the 
Ac horizontal, and two very interesting diagrams were shown in 
Figs. 11 and 12. The latter showed average hardness values increas- 
ing up to 210 approximately. In Fig 11, with the same approximate 
carbon content, the value for the hardness was only about 100. 
Referring to Fig. 1, it would be seen that, according to the heavy 
lines, the saturation value of carbon in «-iron was approximately the 
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same at 600° and at 740° C. Had they to accept the heavy-line 
diagram or the dotted-line diagram? So far as he could see, the 
graphs in Figs. 11 and 12 agreed with each other, provided that some 
form of the Whiteley amended diagram was taken. He would like 
to know if the authors, during the course of the investigation of the 
quench-ageing of steel, had obtained any results which would suggest 
that the solid solubility line AB shown as a broken line in Fig. 1 
was practically vertical up to 650° or 700° C. Could the authors 
state the maximum p size of ferrite which would allow of the migra- 
tion of cementite or carbon from «a-iron to cementite? This 
precipitation effect was mentioned on p. 270 P and was of particular 
interest to him. It might possibly explain the reason for the non- 
existence of hardening on quenching from 740° C. and also from 
the lower temperatures. One of the first lantern slides which Dr. 
Trent had shown on the screen depicted a case-hardened iron with 
a range of carbon from hypereutectoid percentages to a no-visible- 
carbon area. Fig. 38, particularly the right-hand portion, showed 
very large areas of ferrite, and it was amazing that carbon could 
migrate to cementite. If carbon could not migrate over this large 
distance, he would have expected to see a number of peak values in 
the graph in Fig. 12. He would like the authors to give their 
views on this point. 





CORRESPONDENCE. 


Dr. B. Jones (Cardiff) wrote that the authors were to be congrat- 
ulated for placing on record the results of their research on quench- 
ageing, which should prove of great value. They had shown in a 
series of straight-forward tests the influence of the important 
constituents of carbon steels on age-hardening after quenching them 
from temperatures just below the critical range, and it was most 
interesting that the maximum increment in hardness on ageing 
was found at a carbon content demanded by the equilibrium 
diagram, namely, that amount which represented the maximum 
solubility of the element in ferrite. The authors had overcome the 
difficulty of examining the influence of varying amounts of carbon 
in their alloys in a delightfully simple and efficient manner. 

He did not agree with the statement on p. 261 P in which the 
authors referred to Fig. 1 as “ the accepted iron-carbon diagram.”’ 
The diagram lent itself to criticism, because some of the lines were 
constructed from cooling-curve data and others from the results 
of quenching tests after heating the steels. The diagram given in a 
recent paper by Jones and Gray! was probably more correct for 
low-carbon steels. ; 

On account of certain aspects of his work on the hot-brittle 
range of ingot iron, he would like to refer to the alloys M1 to M5 


1 Journal of the Iron and Steel Institute, 1938, No. I., p. 339 Pp. 
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given on p. 250 Pp, which were made from Armco iron and contained a 
varying amount of manganese; during the forging of the bars, was 
the well-known hot-brittle range characteristic of ingot iron found 
in all these materials? In other words, did the bars crack at the 
edges during forging, because, in some of the materials, more than 
sufficient manganese to combine with the sulphur was present? 
Also, was any cracking observed during the forging of the silicon 
series of alloys (S11 to S16) ? 

He would like to know if the authors had used the cupric etch 
for the examination of precipitated carbide when found in a finely- 
dispersed form, and if they considered this etch any improvement ? 

With reference to the iron-nitrogen diagram of Fry given in 
Fig. 18, this was constructed in 1923 from certain nitriding tests 
carried out on commercial mild steel. Did the authors consider 
the diagram to be more accurate than that given more recently 
by Portevin and Séférian ! in which the important solubility line of 
iron nitride in ferrite was so appreciably different ? On p. 275 P it 
was stated that, on quenching steel containing braunite from 600° C., 
the eutectoid persisted, which was not strictly in accordance with the 
diagram given. 

The surface layer of nitrided iron, stated on p. 272 P to be a “ more 
or less homogeneous layer—probably a layer of Fe,N, ”’ consisted 
more probably of the e phase of the iron-nitrogen system, which had 
a varying nitrogen content depending on the temperature of nitrid- 
ing, as shown by X-ray data obtained by the writer. The y’ (Fe,N) 
phase lay immediately below this surface layer. With regard to the 
effect of alloy nitrides during nitriding on the solubility and precipit- 
ation of various nitrides in iron, work by the writer had proved 
that nitride-hardening was definitely due to the insolubility of finely- 
dispersed particles of alloy nitrides, which caused marked lattice 
distortion of the iron. 

Referring to the statement that nitro-martensite age-hardened 
at room temperature while carbon martensite did not, was it not a 
fact that carbon martensite increased in hardness on heating to 
100-200° C., which had led to the suggestion that there might be 
two kinds of martensite (« and §) ? 

He would state that, although there might be some disagreement 
with parts of the work described, the authors had presented data of 
the greatest value. 


Mr. J. H. WuireLry (Consett) wrote that he had read this con- 
tribution to the study of the quench-ageing of steel with great in- 
terest and considered that it recorded a very instructive piece of 
work. The carbon-gradient method adopted by the authors was 
undoubtedly useful for obtaining valuable information quickly in 
making a general survey of the subject. Unfortunately it had one 


1 Academie des Sciences, Dec. 26, 1934. 
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or two drawbacks. One of them was, of course, that each hardness 
indentation covered an area the carbon content of which might not 
be uniform on account of the gradient present. Errors arising in 
this way would, however, probably be negligible. Another and more 
serious drawback was that the percentage of carbon at any particular 
place could only be judged from microscopic examination; in fact, 
the authors went further and stated that the microstructure could 
give no indication of the carbon content where it was less than 0-03%. 
That was the more unfortunate because they had based most of their 
conclusions on the hardness results obtained in the non-pearlitic 
regions and had assumed that the extent of the carbon gradient was 
indicated by the way in which these figures decreased. Now, in 
view of the fact that, within each grain at any rate, carbon diffused 
in «-iron with extraordinary rapidity at temperatures above 550° C., 
this assumption needed verification, and it seemed to him (Mr. 
Whiteley) that the etching method which he had recently advocated 1 
was well suited for this purpose. Not only did it readily reveal the 
cementite deposited at the grain boundaries in normalised or annealed 
samples but also it brought out in marked contrast the austenite 
areas formed when small specimens of non-pearlitic steels were 
rapidly quenched from temperatures between the line BC and 
Ae,, Fig. 1. Thus, by means of this reagent, it should be possible 
to obtain in two ways a good idea of the carbon gradient in the zone 
immediately beyond the visible pearlite. 

It was interesting to note that extrapolation of the curves for 
the iron-carbon alloys given in Figs. 14 and 15 indicated that when 
these samples were quenched from a temperature of 500° C. or less 
quench-ageing did not occur. The authors, in fact, stated that it 
was almost nil at 600° C. This conclusion was in good agreement 
with his own observations as recorded in the dotted curve AB of 
Fig. 1. Between 15° and 550° C. he could find no positive evidence 
of carbide solubility. After prolonged soaking in the upper region 
of this temperature range the cementite did not visibly diminish 
in quantity. Also supporting this conclusion was the fact that, 
unlike the nitride needles, the precipitate shown in Figs. 28 to 31 
did not form even in samples that were rapidly air-cooled. The 
reason seemed clear. All or nearly all the precipitation took place 
above 550° C., where the rate of diffusion was so great that most of 
the carbon had time, even in fairly rapid cooling, to deposit itself 
on the first comparatively few nuclei to form. If there was any 
appreciable, though diminishing, solubility below 500° C., it was to 
be expected that fine particles would be deposited within the grains, 
— to the retardation in the rate of diffusion as in the case of 
nitride. 

The conclusion reached by the authors on p. 254 P that the general 
effect of increasing the manganese content was to decrease the ageing 


1 Journal of the Iron and Steel Institute, 1936, No. I., p. 377 P. 
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was, he thought, open to criticism, for it appeared to be based on the 
results given by the unpurified samples in Table IV. and was not 
well supported by the results obtained on the purified samples 
recorded in the same Table. In the fifth column it was not until 
1-01°% of manganese was present that any marked change occurred, 
the maximum hardness increment there dropping to 44 after re- 
maining in the neighbourhood of 70 for the first four samples. Now, 
when this result given by sample M5 was compared with the incre- 
ment given by the carbonyl iron at 700° C. (Fig. 14) it would be seen 
that the difference between the two was negligible. The presence 
of 1-01% of manganese seemed, therefore, to have no effect on the 
quench-ageing property of iron. It was the higher increments 
given by alloys M1 to M4 that required explanation. The further 
conclusion drawn in the same paragraph that the results given 
by the unpurified alloys were in “agreement with the generally 
accepted theory that manganese carbide is less soluble in «-iron than 
is iron carbide’ could also be questioned. In the absence of evi- 
dence to the contrary, the results given by the unpurified alloys 
(Table IV.) could equally well be asserted to be due to manganese 
increasing the solubility of carbon in «-iron at 25-5° C. but not at 
point B (Fig. 1), and in this way causing less ageing to take place. 

The drop in the hardness values given by carbonyl iron when 
quenched from 950° C. (Fig. 13), even at a point very close to the 
visible case, was striking. According to the authors “ this is easily 
understandable if one refers to the iron-carbon diagram (Fig. 1), 
from which it will be seen that the solubility of carbon in «-iron 
decreases as the temperature rises above the Ac, point.”” Evidently 
they considered that a non-ageing martensite had formed in quen- 
ching, since at 950° C. no «-iron would remain. Now, in his own 
work on the subject, he had found that martensite was increasingly 
difficult to obtain in non-pearlitic samples as the temperature of 
quenching was raised. Even in very small specimens the extremely 
dilute austenite apparently broke down with great rapidity when the 
quenching temperatures were above about 850° C. It therefore 
seemed probable that in specimens of the size used by the authors 
much of the cementite would be precipitated as soon as the line 
AB was passed, although the resulting structure might still somewhat 
resemble martensite. A steep drop in the hardness results at a point 
just beyond the visible pearlite would then occur. In this connection 
an experiment might be made in which the ageing characteristics 
of very small specimens containing about 0-03% of carbon after being 
drastically quenched from, say, 920° and 740° C. were compared. 
In both cases «-iron would be present. The 740° C. specimen 
would, of course, age, and if in the 920° C. specimen true martensite 
could be formed which did not age, a most interesting fact would be 
established. 

Further work on the smallest specimens suitable for hardness 
testing was, he thought, also needed in order to verify the authors’ 





om On Tm tt 85 owe ee tee FP 


Oo > QQ m= oOo. A 


_- 


the 
10t 
les 
itil 


ice 





QUENCH-AGEING OF STEEL.—AUTHORS’ REPLY. 523 P 


statement that hypo-eutectoid steel did not attain the maximum 
hardness of 200 on quench-ageing. They suggested as an explana- 
tion that some of the carbide dissolved in the ferrite was precipitated 
when pearlite was present, and seemed undecided as to whether 
this occurred in ageing or in quenching. The latter seemed to him 
by far the more probable, for, as he had already indicated, the speed 
at which carbon diffused in «-iron at temperatures above 550° C. 
was surprisingly high. Thus, it might well be that, owing to the 
size of the specimens used, the rate of cooling between 700° and 
550° C. had not been sufficiently rapid to prevent some deposition on 
the pearlite of the carbon in the adjacent ferrite. 

Finally, there was one point arising from the authors’ interesting 
work on nitrogen to which he wished to draw their attention. They 
demonstrated that nitride crystals were precipitated from ferrite 
in three widely differing sizes, as seen, for example, in Fig. 45. 
Did not this fact suggest either that precipitation was not continuous 
during cooling or that the rate of diffusion changed abruptly twice 
as the temperature fell after the first precipitation? In the absence 
of any such changes one would scarcely expect the abrupt alterations 
in needle size shown in the illustrations. 





AUTHORS’ REPLY. 


In the first place the AuTHoRs wished to thank all those who 
had taken part in the discussion. 

In reply to Mr. Woolman, there was evidence that the pheno- 
menon of strain-ageing could easily be distinguished from that of 
quench-ageing. There was one important difference, which was 
that a temperature in the neighbourhood of 250° C., which rapidly 
softened steels that had been given a sub-critical quenching, appeared 
to give the maximum hardening in steels that had been strain-aged. 
It was quite possible that the act of quenching would cause a certain 
amount of strain; just how much it was difficult to say. When the 
carbon content exceeded the solubility limit of 0-035%, not only 
would there be less ferrite for the carbon to dissolve in, but the free 
pearlite always present would tend to cause a precipitation of the 
carbon in solution, and, therefore, necessarily decrease the amount 
of carbon retained in solution by quenching. 

The application of X-rays to the age-hardening phenomenon was 
difficult, in view of the small changes in the amounts and distri- 
bution of the constituents that were involved in the ageing. There 
were indications, however, that there was a change in lattice para- 
meter during ageing, and all evidence seemed to show that it was 
the strain produced by the tendency of the carbide particles to 
precipitate rather than by the actual precipitation itself, which was 
the cause of hardening. The authors were doubtful whether the 
determination of the changes in specific heat would reveal variations 
sufficiently great to make this method of value. 
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In reply to Dr. Main, the authors would say that all evidence 
seemed to point to the iron in which the carbon was dissolved being 
in the « form, although the possibility of it being in the y form must 
not be overlooked. In any case the effect produced by ageing, 
which was a distortion of the « lattice, could easily be likened to the 
transformation of austenite into martensite—martensite likewise 
being highly distorted. Prior to quenching for ageing, all specimens 
had been normalised. 

Dr. Main made a very useful suggestion when he stated that the 
amounts of other elements, such as aluminium, molybdenum, 
manganese, &c., might have a considerable effect upon the tempera- 
ture at which ageing attained a maximum. In effect, one was 
almost justified in saying, without further experiments, this would 
be so. 

Mr. Burton suggested that the size of the specimen would have 
an important bearing on the degree of ageing. He was quite correct; 
work done by the authors and others had shown definitely that as 
the dimensions of the specimen increased the ageing effect decreased, 
which inferred, incidentally, that it was only by choosing specimens 
of such a size that the quenching was effective that the true ageing 
effect could be produced. The trouble of avoiding the generation 
of a certain amount of heat during polishing was difficult to overcome, 
but in all cases the polishing was done by hand and with extreme 
care. 

Mr. Stanfield suggested that ageing might be employed as a 
process for increasing the tensile qualities of steel. In view, how- 
ever, of the embrittlement associated with ageing, the authors felt 
that they could not regard this process as being in the nature of a 
practical proposition. Further work might, however, show them to 
be wrong. With reference to embrittlement and grain size, the 
authors had always explained the decrease in embrittlement with 
decreasing grain size by the fact that the smaller the grain size the 
greater was the area over which the embrittling constituent had to 
spread itself. In a large-grain steel there might be sufficient of the 
brittle constituent to form a thin but continuous film over the grain 
boundaries. By decreasing the grain size and therefore increasing 
the superficial area, the amount of brittle material would be in- 
sufficient, and the tendency would be for it to “ ball up” and be 
rendered more or less harmless. 

With reference to Mr. Stanfield’s remarks on the effect produced 
by nitrogen, the authors would like to point out that, notwithstand- 
ing the fact that nitrogen was much more soluble in «-iron than 
carbon, the effects produced were similar. 

The re-solution of carbon and nitrogen produced by a Brinell 
impression was due, the authors thought, to the formation of 
austenite, which would eventually change into martensite with an 
increment in hardness. : 

The authors welcomed the remarks of Dr. Jay, with which they 
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entirely agreed. They also thanked Mr. Oliver for referring to the 
important work of Preston. Mr. Oliver’s comments again indicated 
that a great deal more work must be carried out on age-hardening 
before a true conception of the phenomenon could be arrived at. 

Mr. Tucker was correct in his suggestion that an increment in 
hardness was not naturally an indication of increased brittleness, 
although it was usually so. Mr. Tucker suggested that making a 
Brinell impression was in the nature of cold-work which would give 
rise to strain-hardening, followed by strain-ageing, which was, of 
course, correct. 

With reference to Dr. Hatfield’s remarks, which the authors 
appreciated, it should be pointed out that the actual pulling of test- 
pieces at temperatures varying from 100° to 300°C. would not 
seem to throw much light on the phenomenon of ageing at atmo- 
spheric temperature. As Mr. Burton had pointed out, Dr. Hatfield’s 
remarks rather supported the authors’ contention than otherwise. 

The authors wished to thank Mr. MacDougall for his excellent 
suggestions, and in reply would say that they had accepted the 
diagram of Whiteley as being the most substantially correct at 
the time when this paper was written. His remarks, however, were 
extremely interesting and the authors would be careful to bear in 
mind what he had said. 


In reply to Dr. Jones the authors wrote that they regretted that 
the iron-carbon diagram of Jones and Gray was not available when 
the paper was being written, but they would point out that it did 
not differ very much from the diagram due to Whiteley, in Fig. 1, 
below the Ac, point, except for the slightly higher solubility given 
for this point. 

The cupric etch mentioned by Dr. Jones and recommended by 
Mr. Whiteley was not used, but it was doubtful whether it could be 
used to estimate quantitatively the percentage of carbon present in 
steel containing no pearlite, although this method of etching might 
be tried for specimens quenched from above the Ac, point in order 
to examine the formation of martensite in the non-pearlitic steels. 

With regard to the iron-nitrogen alloys, there was a great 
difference in the solubility of nitrogen in «-iron as shown in the 
diagram of Fry and Epstein (Fig. 18) and that of Portevin and 
Séférian mentioned by Dr. Jones. The authors regretted that they 
had omitted to refer to this latter diagram. With regard to the 
accuracy of the latter diagram, it should be pointed out that it was 
constructed from alloys made by welding and thus would certainly 
contain large amounts of oxygen as well as nitrogen, which might 
have had a considerable effect on the solubility of the nitrogen. 
Also, the diagram of Fry presumably gave the Ar, point and not the 
Ac, point as 580° C., so that there was no disagreement with the 
authors’ results, which pointed to the Ac, point being between 600° 
and 620° C., not an unusual temperature lag. 
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Dr. Jones’ further remarks concerning the nature of the nitride 
constituent on the surface of the specimens were interesting, and 
particularly so his statement concerning the cause of nitride- 
hardening in alloy steels. 

With reference to the question of cracking during the forging of 
the manganese alloys, the only one which was cracked after forging 
was the alloy M1, which contained only a trace of manganese. 

The authors agreed with Mr. Whiteley that their results 
supported the iron-carbon diagram given by him and reproduced in 
dotted lines in Fig. 1, in that it showed little evidence of solubility of 
carbon in «-iron below 600° C. They also agreed that these experi- 
ments showed a remarkably high rate of diffusion of carbon in 
a-iron at temperatures above 500° C. and that the probable cause 
of the low ageing of hypo-eutectoid steels was that some carbide was 
deposited from solution in ferrite on to the neighbouring pearlite 
during quenching. The tests suggested by Mr. Whiteley, using small 
test-pieces to produce rapid cooling, would be very valuable in 
determining this point and also points concerning the mechanism of 
the transition from austenite to ferrite in very low-carbon steels. 
Also, in the case of nitrogen alloys, small specimens rapidly quenched 
might show even greater ageing, since it was noticed that on quench- 
ing these alloys at increasing temperatures between 500° and 600° C. 
there was not a large increase in the age-hardening of the alloys 
although there was undoubtedly a large increase in the solubility of 
nitrogen between these two temperatures. More rapid quenching 
might retain more of the nitrogen in solution and thus increase the 
ageing. 

. They could not agree with Mr. Whiteley that the results for the 
manganese alloys did not show a decrease in ageing as the percentage 
of manganese was increased. In fact, Table IV. showed a drop in 
the hardness increment from 76 points in an alloy with 0-5% of 
manganese to 44 points in an alloy with 1-01% of manganese in the 
purified alloys. The fact that the figure of 76 points was higher 
than that shown for a quenching temperature of 700° C. in the pure 
iron-carbon alloys (see Fig. 14) might be attributed to the presence 
of other elements in the manganese alloys, in particular oxygen, 
which might considerably affect the solubility curve of carbon in 
iron. and hence the ageing process. It would be interesting to 
determine the effect of 2% of manganese. Some tests along these 
lines had been carried out by Eilender, Fry and Gottwald ! and they 
tended to show that the addition of sufficient manganese or chrom- 
ium, &c., entirely eliminated ageing. 

It hardly seemed necessary to postulate abrupt changes in the 
rate of diffusion in order to account for the different sizes of the 
nitride needles. 


1 Stahl und Eisen, 1934, vol. 54, p. 554. 





ao =D Aa 4 


op 4a SoH 


‘ide 
und 


in 





( 527P ) 


Discussion on 


AMERICAN SOAKING-PIT AND REHEATING- 
FURNACE DESIGN AND PRACTICE.! 


By FREDERICK M. GILLIES anp EDWIN D. MARTIN 
(East Cuicaco, Inprana, U.S.A.). 


This paper, which was printed in the Journal of the Iron and 
Steel Institute, 1938, No. II., pp. 319 Pp-348 P, was discussed at the 
Additional Autumn Meeting held in Cardiff on Friday, December 2, 
1938. Anabstract of the paper and the discussion and correspondence 
on it are recorded below. 


SUMMARY. 


Under the lash of the necessity for better quality of heating an 
accelerated activity has developed in the last ten years, yielding 
outstanding accomplishments in the design and practice relating to 
soaking pits and reheating furnaces in America. Varied forces 
have brought this about. Always linked with the requirements of 
quality have been requirements of economy. 

Rolling-mill operators in America came only gradually to a 
realisation that the quality of heating influences the quality of steel 
both in subsequent rolling and as a finished product. The cost of 
poor quality of heating is demonstrated. Prevalent in America, 
wage payment based on the tonnage heated is a poor practice, while 
a characteristic deficiency is the designing of new mills with in- 
adequate heating capacity. 

Advances in fuels, regenerators and recuperators, tightness of 
the furnace, control systems, refractories and heat-resisting alloys 
which have been made apply to both the classes of industrial 
furnaces distinguished in the title of this paper. 

An historical background to the development of soaking-pit 
design leads to a more detailed description and discussion of four 
distinct types, together with statistics compiled by the authors to 
give a cross-section of present equipment and practice in America. 

The development of furnaces for reheating is presented from 
older types through the advent of recuperators and the appreciation 
of a fundamental conflict in design, to the necessity for zoning the 
furnace and heating the bottom of the steel. This is followed by a 
description of the main types of modern reheating furnaces, of which 
the trend is definitely towards the continuous type. 

It is concluded that much of this development came from 
necessity caused by great progress in the manufacture of flat rolled 
products. The constantly increasing labour costs in America and 

1 Received June 14, 1938. 
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the desire to decrease work that can be considered irksome combined 
with the other factors to cause the expenditure of no less than fifteen 
million dollars since 1934 on new equipment of the type described 
in this paper. 





DISCUSSION. 


Mr. J. B. Deakin (Cardiff) said he was particularly interested 
in the authors’ observations with regard to regenerators and re- 
cuperators. He thought that there would be general agreement 
that for comparatively low temperatures metal recuperators were 
in every way satisfactory, and had the advantage mentioned by 
the authors that no reversals were necessary. He must confess 
that his experience of brick recuperators for high temperatures 
had been anything but happy; he had found that leakages developed 
and that in fact it was almost impossible to keep the walls tight, and 
air, instead of going forward to burn the gas in the furnace, was 
passed into the waste-heat flue and to the chimney. 

He was not familiar with the use of silicon carbide in recuperators. 
It was known that it was a very refractory material used for such 
purposes as, for instance, the soles of Knowles ovens, where it with- 
stood very high temperatures, but he understood that in the case 
of the Knowles oven considerable trouble was being experienced 
with the jointing material, and he would be very glad if the authors 
would give some further information about this type of recuperator 
and the materials used. He would also like to know something more 
about the spalling qualities and conductivity. 

The authors did not give many statistics, but it was of interest 
to note that only about 8% of the soaking pits under review were 
cold-charged, and that over 90° of the soaking pits were still of 
the reversing regenerative type. He agreed with the authors’ 
statement that this type of soaking pit was likely to hold its own with 
the newer type of pit for some considerable time to come. In 
support of that he might mention that for the last three years he had 
had experience of modern regenerative soaking pits fired with 
straight blast-furnace gas of a calorific value varying between 93 
and 100 B.Th.U. per cu. ft. The gas itself was unheated, but the 
pits were fitted with air regenerators of very generous capacity, 
and this air was heated to 1150° C. (2102° F.), this temperature being 
taken in the middle of the 20-min. reversal period. This tem- 
perature compared favourably with the highest temperature 
(quoted by the authors) for recuperative pits in the United States, 
namely, 982° C. (1800° F.). Because of this high preheating of the 
air, they had not the slightest difficulty in obtaining any practical 
rolling temperature required in their 3 ton 5 ewt. ingots. A 

Altogether, they had found blast-furnace gas to be an ideal 
fuel for reheating furnaces, particularly for soaking pits. It was 
easily controlled, and it was possible to work with a reducing 
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atmosphere, and without fear of the hydrogen bogey. Moreover, 
there was less danger of overheating, and particularly local over- 
heating, than with the richer fuels. On those pits they had very 
little automatic control. They had automatic control of the 
pressure, keeping the pressure steady at 3 in. W.G., but for the air 
and gas volume and stack draught they had four settings, so that by 
adopting any one of those settings for various degrees of heating 
there were three adjustments to make, one on the air, one on the 
gas and one on the draught, and those were all set so that they 
could then get the atmosphere which they required, a neutral or 
slightly reducing atmosphere. The system worked very well. 

When speaking of regenerative soaking pits, the authors em- 
phasised the disabilities of that type of pit from the point of view of 
the irregularity of heating, with consequent temperature differences 
which were destructive to the furnace heating chamber and checker 
chambers, and the difficulty of local temperature control due to the 
use of the heating space as a combustion space, with consequent 
direct flame impingement on the ingot. His own firm had not 
experienced any of those troubles. Their chambers and checkers 
had not suffered in the way suggested, and although they had a 
short combustion chamber where the ignition of the gas commenced 
before it entered the pit proper, nevertheless a good deal of the actual 
combustion took place in the pit with no ill effect on the ingots. 
The flame actually travelled three-quarters of the length of the pit. 
He agreed that if, for instance, coke-oven gas were used, the results 
might be different, but the mellow blast-furnace-gas flame, without 
excess of air, was, as he had said, an ideal medium for reheating 
purposes. Further, they obtained ideal regularity of heating from 
top to bottom of the ingot. He was not surprised at the authors’ 
statement that this gas was becoming increasingly popular in the 
United States. The authors stated that in America gas mixtures of 
from 115 to 225 B.Th.U. were used, that of 140 B.Th.U. being the 
most popular. That was not the experience of his own firm. They 
had facilities for mixing coke-oven gas and blast-furnace gas in 
any reasonable proportion—generally speaking, they had the coke- 
oven gas available—but they had definitely turned down coke- 
oven gas and used straight blast-furnace gas. 

Finally, he would like to congratulate the authors on their 
excellent paper and on the common-sense views expressed in con- 
nection with payment to heaters on the gross throughput of the 
reheating furnaces, and also on their plea for adequate heating 
accommodation when laying down new rolling-mill plant. 


Mr. H. M. Henperson (Scunthorpe, Lincs.) remarked that one 
question not dealt with in the paper was whether in the more modern 
types of pit described there was any difficulty with the soaking-pit 
bottom, particularly where there was a central port coming up in 
the bottom. It looked as though there might be trouble there with 
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the slag rising to a dangerous level, associated with difficulty in 
getting sufficient heat on the bottom to run the slag off. It would be 
interesting to have some indication on those matters from someone 
who had had experience of or knew of such furnaces. 


Mr. Percy Wuiutams (Cardiff) said that steelmakers talked 
about thermal efficiency and about brick costs, but not about how 
to make good steel, and it was left to the soaking-pit designers and 
operators to provide a way out of the difficulties experienced. 

Of the soaking pits described in the paper he was particularly 
interested in No. 3, the centre-fired pit, which in his opinion was an 
extremely fine type of pit and one which he thought would go very 
far. According to the paper its thermal efficiency was extremely 
good. The only difficulty he could see was that it was all right for 
good ingots and good ingot bottoms, but what was one to do when 
the ingot bottom was like a cone and it would not stand up? Half 
the time it would be knocking the centre wall down. He did not 
like the circular tangentially-fired pit, No. 4, and he could not 
believe that the efficiency stated in the paper could be correct. 
He could not see how any pit could have a very good thermal 
efficiency if it had not recuperators or regenerators. 

The reheating furnaces were very interesting, especially in 
the way that they were water-cooled, and he was particularly 
interested in the way that the skids were water-cooled on some 
American furnaces. Those skids caused a good deal of trouble in 
Britain in regard to wear and the amount of water required to 
keep them cool. He noticed that the skids in one of the American 
furnaces referred to were insulated, and he would like to know 
more about this insulation. He believed that some plastic material 
was used. 

Mr. Deakin had referred to the soaking pits at the Cardiff 
Works of Guest Keen Baldwins. Personally, he believed them to 
be the best pits at present operating in Great Britain. They had 
an excellent efficiency, though probably not as good as it should 
be, owing to the large amount of cold material which had to be 
charged; but if those pits were running on hot material and getting 
consistent supplies from the melting furnaces, he was satisfied that 
it would be possible to get down to a consumption of 14 million 
B.Th.U. comfortably. He had seen a very large number of soaking 
pits working in different parts of the country, but he had never seen 
any working with such a uniform temperature as those at the Cardiff 
Works. In the three years that they had been operating he had not 
seen one ingot which “ had a bone in it.”” The temperature of the 
ingot was almost uniform throughout, and everyone knew what 
that meant to the rolling-mill operator. ; 

With regard to deseaming, he felt that far too much was being 
left to the mill operators in the way of getting rid of such defects 
of the ingots. More should be done by the steelmaker to get rid 
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of the seams in the ingots. He was disappointed to find that they 
were deseaming in America more and more and were not getting 
down to making the fine surface on the steel which he felt they could 
make. The deseaming machines might be satisfactory, but there 
was a tremendous loss of metal. They must often deseam ingots 
which should never be deseamed, and they probably deseamed ingots 
from which it was impossible to eradicate the cracks. 


The CuarrRMAN (Mr. J. S. Hollings, Vice-President) said it was 
very difficult to make comparisons of soaking pits. Taking the 
point on which Mr. Williams touched, he had come to the conclusion 
that it was more a matter of the tonnage which one could manage 
to push through them than of the design of the furnaces themselves. 
The experience of his own works was that they obtained really good 
figures only when they were running hard at full outputs. The pits 
had a very large area. When that area was exposed, and very little 
was going into or coming out of the pits, inevitably there was a 
very poor efficiency, despite the fact that the soaking-pit walls were 
well insulated. 


Mr. T. Jotty (Port Talbot, Glam.) remarked that it was custo- 
mary in United States soaking-pit practice to use the coke-breeze 
bottom and clean it out every 24 hr. In Britain a more fluid type 
of bottom was preferred, and Continental practice was similar. 
How did the cost of those bottoms compare? He imagined that 
the maintenance of the American bottom was considerably more 
costly, and, if that was so, was it worth while, and what benefits 
were to be gained by using a breeze bottom ? 


Mr. P. M. Retnartz (Cologne, Germany), replying to Mr. Jolly, 
said that it was true that the coke-breeze bottom consumed a certain 
amount of this material, but in the United States coke breeze was 
a by-product, and a very cheap one. The Chairman touched on 
the real point when he said that the main question was how many 
tons of good, uniformly-heated steel was it possible to get out of the 
pit? The extra cost for the maintenance of bottoms by the use of 
coke breeze was probably justified in the effect on heating, because 
if the bottom built up—and that was a tendency which he had 
observed fairly generally on the Continent, and he had seen it in 
England too—it raised the top of the ingot, which was cold, thus 
producing non-uniform conditions; and otherwise, one lost more 
time in the maintenance of the bottom and trying to draw a thickly 
fluid slag from it than corresponded to the cost of the coke breeze. 
The coke breeze prevented building-up, because it made a cake with 
the oxides that were washed from the ingot and was very easy to 
remove. Mr. Jolly had seen how that was done in several plants in 
America, where they used the pit crane; that prevented the pit men 
from being exposed to the very smoky heat coming up from the 
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pits. Coke breeze gave at all times a very nice clean bottom, and 
another advantage was that none of the refractories stuck to the 
bottom of the ingot; a refractory which stuck would very often 
be rolled-in in the mill and give silica streaks all through the surface 
of the ingot. The use of coke breeze was general in the United 
States, and they found that it paid. 





CORRESPONDENCE. 


Mr. C. H. Wriu1aMs (London) wrote that he would like to add 
his congratulations to the authors on having conveyed so clearly a 
picture not only of current practice but also of progress in American 
soaking pits and reheating furnaces. Quality of heating was 
stressed, and this aspect had received and was receiving still more 
attention in Great Britain; specifications necessitated careful 
preparation of the material, and it was unquestioned that strict 
attention to heating had the greatest benefit in increasing the yield 
of No. 1 product and in decreasing the important costs of sub- 
sequent surface treatment such as chipping. 

The need for adequate soaking-pit capacity emphasised by the 
authors had already been proved in Great Britain in a number of 
important works, where one of the types mentioned by them, 
the one-way-fired pit, had been extensively installed, replacing 
regenerative pits in such a way as to increase the heating capacity 
by over 100% without taking up any more ground space. As an 
instance, in one particular works, regenerative pits, each with a 
weekly output of 1100 tons, were replaced by one-way-fired pits on 
the same site having a weekly output of 2500 tons. 

There were now 72 one-way-fired recuperative pits in Great 
Britain, which had been installed over a number of years, during 
which time many improvements in detail had taken place both on 
the writer’s company’s initiative and that of the works possessing 
such installations. Fully automatic controls had been applied to 
these pits in the United States, with, as a consequence, a reduction in 
scale, fuel, maintenance and labour. 

On the subject of recuperator life, he would like to quote the 
experience with the recuperators fitted to the one-way-fired pits in 
comparison with the remarks made by Mr. Deakin in his discussion. 
The writer was given to understand that Mr. Deakin’s experience 
on recuperators dated back some years and was confined to certain 
types. It seemed a pity that such a general statement should be 
made, which was apt to give the impression of a criticism against a 
recuperative system generally. The first one-way-fired pits were 
installed in Great Britain nearly ten years ago, and it had been 
necessary only to replace the upper courses of their recuperators ; 
both in burner design, pit proportions, and particularly in the pro- 
tection of the recuperators from slag penetration, the modern 
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one-way-fired pits were considerably changed from the earlier 
ones. 
On a later installation, where the recuperators were rebuilt 
owing to foundation subsidence, the closest examination failed to 
detect the slightest sign of any leakage between the air and waste 
gas after 24 years of operation, other than on a small section of one 
of the recuperators affected by the foundation subsidence. On 
another installation, which had been in operation for five years, 
and which was started on producer gas, with a change later to coke- 
oven gas, the only work necessary had been periodical cleaning, and 
the pits were still heating ingots in a perfectly satisfactory manner 
and with a fuel consumption on cold charges of only 1,250,000- 
1,350,000 B.Th.U. per ton. It was interesting to note that these 
particular pits were heating stainless-steel ingots with great success. 
It was anticipated that some work on the recuperators of these pits 
might soon be found desirable, but the above results spoke for them- 
selves. 

Regarding the use of blast-furnace gas only on soaking pits, it 
was, of course, appreciated that even with a high degree of air pre- 
heat the use of cold gas could not allow the flame temperature 
to exceed the required temperature of the ingot to any great extent, 
and under these conditions the heating of the ingot must progress at 
aslow rate. Whilst this was often required, it would, in the writer’s 
opinion, appear desirable to provide some form of blast-furnace-gas 
heating, in addition, of course, to a high air preheat, so as to be able 
to take advantage, when required, of the ability to heat up more 
rapidly than was possible on cold gas and hot air; this applied both 
to recuperative and to regenerative systems. 

On the subject of continuous furnaces, the authors had had a 
somewhat easier task in comparing various forms of end-fired 
furnaces with the more modern zone firing. Examples of these 
zone-fired furnaces had now been at work in Great Britain for some 
while, and had conclusively borne out the contention of the authors 
that for quality heating and for varying outputs the final soaking 
chamber must be maintained at a constant temperature, while the 
main heating chamber had to be fired at either a high or a low rate, 
and in consequence was at a high or low temperature, depending 
entirely on the output required at any particular period. The 
design and material of the hearth, and the exclusion of free air from 
the discharge door, had all been helped by the adoption of zone firing. 

__A modification of the zone-fired furnace for the heating of long 
light-section billets had been to interpose between the main heating 
burners and the billets a row of small burners using a minimum of 
ar, and thus to protect the billets undergoing final heating from the 
effect of the main burners. A high combustion chamber and a nose 
arch in the roof farther down the furnace created turbulence and a 
secondary combustion, which was of much use in the preheating of 
the cold billets. 
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In comment on the remarks of Mr. Percy Williams, the writer 
could assure him that with proper design of the skids and water 
circulation, and with due attention to the wearing strips on the 
skids, no trouble was encountered with the skids over a considerable 
period. 


The authors’ reply had not been received at the time of going 
to press. 
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SECOND REPORT OF THE ALLOY STEELS 
RESEARCH COMMITTEE. 


By a JOINT COMMITTEE or THE IRON AND STEEL INSTITUTE AND THE 
British IRON AND STEEL FEDERATION, 


This Report is published as Special Report No. 24; it was presented for 
discussion at the Annual General Meeting of the Iron and Steel Institute, held 
in London on May 3, 1939. The discussion, correspondence and Committee’s 
reply follow the summary below. 


SUMMARY. 


Tue Report is made up of thirteen Sections and each Section is 
presented by the investigators or group of investigators responsible 
for the work, the function of the Committee being to guide and co- 
ordinate the researches and not actually to conduct them. 

Section I. is introductory in character and contains information 
on the constitution of the Committee and Sub-Committees and an 
outline of the contents of the whole Report. 

Section IT. consists of an account by C. A. Bristow of the study 
of the 8 region of the iron-nickel system, in which he defines a 
portion of the constitutional diagram up to 15% of nickel and 
in the temperature range 1550-1350° C. 

Section ITI. deals with the scaling of steels in sulphur-free and 
sulphur-containing furnace atmospheres, and is presented in two 
parts. In the first, A. Preece, G. T. Richardson and J. W. Cobb 
report on their investigation of scaling at 1000° C. and 1150° C., 
whilst in the second part, A. Preece, KE. Simister and J. W. Cobb 
report on scaling at 650° C. 

Section IV., by R. Jackson and A. G. Quarrell, consists of a full 
account of the use of the electron-diffraction camera, including the 
advantages and limitations of the process, with special reference 
to its use in studying the initial film formed on steels by oxidation. 

In Section V., L. Northcott, after reviewing the literature on 
titanium and its effect upon iron and steel, deals with the preparation 
of pure titanium and the manufacture of titanium alloys and gives 
an account of investigations on the iron-titanium and iron-carbon- 
titanium systems. In the second part of his paper he describes 
the known effects of titanium upon the physical and chemical 
properties of iron and steel. 

Further work carried out to check the changes in the torsional 
elastic limit of steel below 400° C. which were found to exist by 
Goffey and Thompson in 1923 is described by C. T. Marshall and 
F. C. Thompson in Section VI. The results appear to establish 
beyond question the presence of change points in the torsional- 
elastic-limit curves. 
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Since the work of Herbert in 1929 the influence of magnetic 
fields and periodic oscillations upon the properties of both ferrous 
and non-ferrous metals has been the subject of a variety of claims, 
and the work of A. G. Quarrell, R. Jackson and N. J. Petch, de- 
scribed in Section VII., represents an attempt to determine the 
effect, if any, of high-frequency electric currents upon the properties 
of steel. 

Section VIII., by J. W. Rodgers and W. R. Maddocks, contains 
a study of the influence of the alloying element on the A, point in 
iron-cobalt and other alloys; this follows the study of the iron- 
cobalt system published in Section VII. of the Committee’s First 
Report. 

In Section IX. the Thermal Treatment Sub-Committee present 
their Report in seven parts on the thermal and physical character- 
istics of the twenty-one steels considered in Section IX. 
of the Committee’s First Report; studies of quenching media 
are included. Part 1 is introductory in character. In Part 2 
C. H. M. Jenkins, E. H. Bucknall and G. C. H. Jenkins give the 
results of determinations of heating and cooling curves on these 
twenty-one steels submitted by the Thermal Treatment Sub- 
Committee. Part 3, from the Physics Department of the National 
Physical Laboratory, contains three papers on the physical pro- 
perties of a series of twenty-two representative steels; in the first, 
J. H. Aubery and A. Snow determine the total heat at various 
temperatures up to 950° C.; in the second, G. G. Sherratt and 
A. R. Challoner determine the coefficients of expansion; and 
in the third, R. W. Powell and M. J. Hickman determine the thermal 
conductivities and the electrical resistivities. Part 4 comprises 
a survey by R. W. Powell of existing data on the thermal and 
electrical conductivities of irons and steels. In Part 5 J. A. Jones 
and W. W. Stevenson study the volatility, viscosity, liability to 
oxidation, rate of deterioration and other properties of seven quench- 
ing oils. T. F. Russell, in Part 6, describes a series of standard 
silver-ball tests on quenching oils. In Part VII. G. Stanfield 
reports on tests in which the rates of fall of temperature throughout 
cylindrical specimens in different quenching media are compared 
and related to different surface conditions. There are two Appen- 
dices to this Section, one by W. C. Heselwood describing the 
apparatus used for determining the specific heat of quenching oils, 
and the other by Ezer Griffiths in which he describes the apparatus 
for the determination of the thermal conductivity of quenching 
oil. F. W. Jones and C. Sykes have carried out experiments to 
provide further information regarding the heat evolved during 
the transformation of one of the steels mentioned in Part 2, but as 
their paper on the inverse-rate curves of this steel was received too 
late to be included in the Report it is inserted as an Addendum 
at the end of this Summary. : 

Section X. consists of a preliminary statement by the Hair- 
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Line Crack Sub-Committee, who are now engaged in a detailed 
study of the origin of small cracks known as “ hair-line cracks ” 
or “ snow flakes.” 

A. J. Gould and U. R. Evans give a preliminary account in 
Section XI. of the apparatus and methods used to study corrosion- 
fatigue. 

In Section XII. W. T. Griffiths, L. B. Pfeil and N. P. Allen 
study the transformation products of alloy steels in the inter- 
mediate temperature range between 550° and 250° C. and compare 
the behaviour of such steels with that of carbon steels cooled through 
the same range. 

Section XIII., which concludes the Report, contains an account 
of a study of the isothermal transformation of unstable austenite 
in alloy steels by N. P. Allen, L. B. Pfeil and W. T. Griffiths, using 
a dilatometric method. 

Abstracts of the papers constituting this Report will be found 
under the appropriate headings in Section IT. of this Journal. 


Addendum to Section IX. of the Second Report of the 
Alloy Steels Research Committee. 


THE INVERSE-RATE CURVES OF 
STEEL NO. 10.* 


By F. W. JONES, Px.D., anp C. SYKES, D.Sc. (MANCHESTER). 


SUMMARY. 

The paper describes certain experiments carried out to provide 
further information regarding the heat evolved during the trans- 
formation in steel No. 10. It is shown that at slow rates of cooling 
the lower arrest observed on the inverse-rate curve at 390° C. should 
= ane as marking the end of a transformation, as predicted by 

ussell, 

A modified cooling-curve technique is suggested which could be 
employed in the investigation of transformations where the inter- 
pretation of the standard inverse-rate curve is not straightforward. 


(1) Introduction. 


The Second Report of the Thermal Treatment Sub-Committee 
contains a number of inverse-rate curves obtained on a representative 
series of steels.” Some of these curves, in particular those on steel 
No. 10, have been the subject of some discussion. Fig. 117 of Part 2 
of the Report, by Jenkins and others, shows three inverse-rate 
curves, A, B and C, obtained at different cooling rates; curves B 


* Received May 16, 1939. 
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and @ contain two well-marked maxima at 480° and 395° C., whilst 
the other curve, A, shows little if any trace of the lower maximum. 
Jenkins, using the standard terminology, refers to these maxima 
as arrests, but points out that their relationship to the “ true change 
points ” of the steel cannot be readily deduced from the inverse- 
rate curve. 

Russell has made a theoretical treatment of the cooling curves 
and inverse-rate curves which would be obtained under certain 
idealised conditions and has arrived at two conclusions as far as the 
curves given in Fig. 117 are concerned, namely, that : 


(1) The lower arrest at 395° C., curves B and C, marks the 
end of the transformation starting at the point K and not 
the peak of a new transformation. 

(2) Although curves B and C differ from A in that they 
possess an extra “arrest,” it does not follow that the trans- 
formation corresponding to curves B and C differs from that 
corresponding to curve A. The differences may be produced 
entirely owing to the change in cooling rate. 


As, in general, a peak on an inverse-rate curve is associated with 
a maximum in heat evolution, the interpretation of such curves 
- must be reconsidered if the above conclusions are correct. The 
subject then becomes of considerable interest to everyone using 
inverse-rate curves. 

Some time ago, when carrying out an investigation of the 
transformation in @ brass one of the present authors had occasion 
to consider the shortcomings of the inverse-rate cooling curve, 
and in order to eliminate certain inherent difficulties in the method he 
devised another cooling-curve method—called the double differential- 
curve method. This enables the following experimental results 
to be obtained simultaneously in one experiment: The standard 
cooling curve, the inverse-rate curve, the differential cooling curve 
and the specific-heat/temperature curve. These can then be 
compared and the idiosyncrasies introduced by the experimental 
arrangement separated from those inherent in the transformation. 

In view of the interest taken in the curves obtained on steel 
No. 10, it seemed desirable to test this steel using the above special 
apparatus, as this would enable Russell’s conclusions to be tested 
experimentally. Further, it was thought that the results might 
complement the theoretical treatment given by Russell and enable 
a clearer picture to be formed of the cooling process of a steel 
undergoing a transformation. 


(2) Experimental Arrangements. 

(a) Principle—Consider a specimen of mass M,, specific heat 
S,, cooling in a furnace. If 7’, is the temperature of the specimen 
and 7’, that of the furnace, then, using Newton’s law : 


M8, = fT,\T, — Tr) - bas’ tp. hein “Oe 


- eS & 


wm 
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f(7,) may be called the heat transfer function and will vary for any 
one specimen with the temperature and emissivity of the surface 


of the specimen. J: 
If, now, a second specimen is inserted in the furnace, having an 


area and emissivity identical with those of the first specimen, one 
may write for this specimen : 


M,S,%? = filTa\T2 — Tr) J wilh, say 


If the temperature differences (7', — 7'y) and (7', — 7p) are small 
compared with 7’, then : 





f:(T'2) =fi(T1), : 
and dividing (1) and (2) : 
ar 
S, —-T, dad M, 
5,7, —T, a, M, ° te eee 
dt 


If the second specimen has a known specific heat, then an experi- 
mental arrangement which enables all the parameters on the 
right-hand side of equation (3) to be measured also permits S, to 
be calculated. 
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Fig. 1.—The Apparatus. 
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(6) Apparatus—The apparatus is shown in section in Fig. 1. 
A is an outer cylindrical container of copper machined from a 
solid bar and has two tightly fitting lids, B. This device provides 
a uniform-temperature enclosure and enables the “ furnace” 
temperature 7', to be determined with a reasonable amount of 
precision. Specimen 1 is a solid piece of steel No. 10 which has been 
nickel-plated, and specimen 2 is a piece of pure nickel. They are 
mounted inside the copper block on heat-insulating supports. The 
temperature difference between each specimen and the container 
can be measured by the differential thermocouples X and Y, and Z 
is used to measure the temperature of the container. 

(c) Procedure—The above arrangement after assembly is 
placed inside a Nichrome-wound furnace suitably wound to produce 
a uniform temperature over the length of the copper container. 
The temperature of the furnace is raised to 800° C. and maintained 
constant until the temperature difference between the specimens 
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and container vanishes. The furnace current is then switched off 
and cooling commences. Different cooling rates are obtained 
either by changing the furnace or by modifying the lagging of the 
furnace. 

Measurements of (7', — 7'y), (7, — 7’) and T'p are taken against 
time, 

From these results all the usual types of cooling curve can be 
calculated. (For further details and a discussion of the limitations 
of the apparatus the original paper “ may be consulted.) 


(3) Experimental Results. 


Fig. 2 illustrates three inverse-rate curves marked “ fast,’ 
‘“‘ medium,” and “ slow,” obtained with the apparatus. They are 
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Fia. 2.—Inverse-Rate Curves. 


very similar to those recorded by Jenkins and Russell. Fig. 3 
shows the corresponding specific-heat/temperature curves. (In the 
calculation of these curves the specific heat of nickel was taken 
from the paper by Sykes and Wilkinson.”) The dotted line running 
across the base of each curve may be taken to represent the normal 
specific-heat/temperature curve in the absence of a transformation. 
Referring to the curve 3(a) corresponding to the slow rate of cooling, 
heat is evolved from 640° to 560° C. and then again from 490° to 320° C. 
This second heat evolution is characterised by a region from 460° to 
390° C. in which the rate at which heat is evolved by the reaction 


RESEARCH COMMITTEE.—ADDENDUM TO SECTION Ix. 541 P 


is fairly constant, i.e., it approximates to the idealised conditions 
assumed in Russell’s case 2(b). The transformation does not die 
away in the region 460-390° C. and then build up again; Russell’s first 
conclusion is therefore substantiated. 


O.- 






Fast rate 


9 
% 


per g. per °C. 


G2 


Medium rate 


° 


.) 
G2 


S/ow rate 


Approximate specific heat. Cal. 


9 


Temperature °C. 


Fie. 3.—Specific-Heat/Temperature Curves. 
Using the equation (18) of Russell’s paper : 


Kuo, — 62) - 
@ alo 3 “aoa } 
dt ~ “"\0,(0; — 0) +1° 
the values of K, C, and 1/(6, — 6.) can be calculated from the data 
in Figs. 3(a), 4(a) and 5(a) as 3-2 x 10+ cal. per sec. per °C. 
temperature difference, 0-12 cal. per °C. and 0-18 cal. per °C. 
Using these values and equation (17) of Russell’s paper it can be 
shown that if the cooling rate is increased by a factor of 4 or more 
then the second arrest should disappear. The cooling rate on 
the curve in Fig. 2(c) at any given temperature is about four times 
* The paper by Russell) should be consulted for the meaning of the 
various parameters, 
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faster than that in Fig. 2(a) and the second maximum at about 
390° C. is no longer present. 

Unfortunately, at the fast cooling rate the shape of the specific- 
heat/temperature curve is modified, i.e., it is no longer flat-topped. 
This alone is sufficient to account for the absence of the second 
arrest at 390° C. on the inverse-rate curve Fig. 2(c). Consequently 
Russell’s second conclusion that the difference in Figs. 2(c) and 2(a) 
may be ascribed to differences in the cooling rate, whilst theoretically 
sound, does not necessarily provide the reason as far as these par- 
ticular inverse-rate curves are concerned. 


(4) Discussion. 

Before dealing with the above curves in greater detail one 
simple principle will be noted which is of considerable assistance 
in following inverse-rate curves. 

Reverting to equation (1) : 


aT 
M,S, = =fi(Ti)(T1 — T7), 


in view of the fact that the thermal capacity of the furnace is very 
large compared with that of the specimen, the small heat evolutions 
of the specimen produce no appreciable effect on the cooling of the 
furnace, i.e., d7'p/dt is not affected by changes in dT’, /dt. 

Consider the changes taking place in the various parameters 
when the specimen and furnace are not cooling at the same rate. 
Suppose d7', /dt > dT'y/dt, then (7, — 7'y) will diminish with time 
and consequently d7', /dé will diminish, and thus the two rates will 
tend to equalise. 

If dT',/dt <dTy/dt, then (7'; — Ty) increases and so does 
dT’, /dt, so that again the two rates tend to equalise. 

Under steady conditions, therefore, when the specific heat is 
constant the two rates tend to become identical; when the con- 
ditions are not steady, i.e., when the specific heat is changing, the 
temperature difference between the specimen and furnace always 
adjusts itself so that the specimen can cool at the same rate as the 
furnace.* 

We may now consider the derivation of the inverse-rate curve 
Fig. 2(a) from the specific-heat/temperature curve Fig. 3(a) in terms 
of equation (1). Fig. 4(a) shows the variation in (7', — 7'r) as a 
function of time, and Fig. 5(a) the inverse cooling rates of the speci- 
men and furnace also as a function of time. Time is used as an 
independent variable, since the temperatures of the furnace and 
specimen are never the same at any given instant. Restricting 
the discussion to the lower maxima, it is seen that over the tempera- 
ture range 560-500° C. the specific heat is roughly constant, 

* Russell, in equation (18) shows that the cooling rate of the specimen 
approaches exponentially that of the furnace. In the case treated, the cooling 
rate of the furnace is assumed constant; the result is, however, of general 
application. 
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Fic. 4.—Variation of Temperature Difference between Specimen (7',) and 
Furnace (7'y) as a Function of Time. 
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Fia. 5.—Inverse Cooling Rate Curves. 
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Fig. 3(a); at the corresponding interval of time AB the temperature 
difference changes slowly * and continuously, Fig. 4(a), and the 
cooling rates of the specimen and furnace, Fig. 5(a), are identical. 

At 490° C. the specific heat rises rapidly to a value roughly 
2-5 times its previous value, Fig. 3(a); simultaneously (7', — 7'p) 
increases, see Fig. 4(a), dt/d7', increases (BC, Fig. 5(a)), and thus 
the increase in specific heat is accommodated in two directions, 
cf. equation (1). At C, Fig. 5(a), the cooling rate of the specimen 
begins to increase again and gradually approaches that of the 
furnace, section CD, Fig. 5(a). This corresponds to the increase 
in temperature difference along CD, Fig. 4(a). At the point D, 
210 min., the temperature of the specimen is 430° C. and the specific 
heat roughly 2-5 times its value at 500°C. Meanwhile the tempera- 
ture difference has increased from 6° to 15° C., ef. Fig. 4(a), i.e., by 
a factor of 2:5. Consequently the specimen can now cool at the 
same rate as the furnace, cf. equation (1), and will continue to do so 
as long as the specific heat remains constant, i.e., section DF, 
Fig. 5(a). The slight differences in the two curves for the specimen 
and the furnace over DF are caused by the variations of the specific 
heat between 460° and 590° C., Fig. 3(a). 

At F the temperature of the specimen is 390° C. and the specific 
heat is now dropping rapidly, consequently the cooling rate of the 
specimen first quickens and then, as the temperature difference 
accommodates itself, it approaches once again the cooling rate of the 
furnace as steady conditions prevail. It will be noted that the maxi- 
mum specific heat, corresponding to the maximum rate of reaction, 
occurs at 455° C., which corresponds exactly neither to the minimum 
cooling rate of the specimen, at 470° C., i.e., maximum value of 
dt/dT’,, nor to the maximum temperature difference at 430° C. As 
equation (1) indicates, the value of the specific heat is proportional to : 


dt 
ar, ° (7, — Tp), 


and as 7’, is never measured in either the inverse-rate or the standard 
differential method the temperature corresponding to the maximum 
value cannot be derived directly by such methods. 

Similar curves to those discussed in connection with Fig. 2(a) 
are included in Fig. 2(c). In this case the specific-heat/temperature 
curve rises to a fairly sharp maximum and then dies away. The 
absence of any flat-topped maximum over a period of time sufficiently 
long for the conditions to become stabilised eliminates the possibility 
of a section similar to DF in Figs. 5(a) and 5(d). 


(5) Modified Cooling-Curve Method. 
Whilst it has been established experimentally that the lower 
arrest in Fig. 3(a) must be interpreted as marking the end of a 


* This slow change is due to variation in the term f,(7',) in equation (1) and 
is neglected in the general argument. 
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transformation, it does not follow that similar results will be found 
in other inverse-rate curves showing a number of arrests, and some 
fairly simple elaboration of the inverse-rate method is required 
for the experimental examination of such transformations. The 
experimental method used by the authors is somewhat complicated 
by the fact that two specimens are required. This complication 
was introduced to eliminate changes in f,(7') with temperature, and 
thus to enable the specific heat to be obtained. Actually, as de- 
tailed in the original paper, the specific-heat determinations are not 
very precise, and further complications, such as putting the whole 
apparatus, Fig. 1, into an evacuated chamber, would be essential 
to obtain quantitative results. For general work such elaboration 
is undesirable. 


30 
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(7- Z) (3) Slow rate. 
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Fic, 6.—Temperature Difference between Steel and Nickel Specimens. 


In considering alternative cooling-curve methods it is of interest 
to point out that if the inverse-rate curves of steel No. 10 had been 
supplemented by either (a) the inverse-rate curves of the furnace, 
Fig. 5, or (b) the normal differential cooling curves,* Fig. 6, then no 
difficulty would have been encountered in determining the meaning 
of the arrests. 

A satisfactory arrangement which will enable reliable information 
to be obtained from thermal work involves a modification of the 
normal differential cooling curve in which the neutral body surrounds 
the specimen. The apparatus would, in fact, consist of half that 
shown in Fig.1. Measurements of (7', — 7'y) and 7’, would be taken 
against time, 7'y being the temperature of the neutral body, i.e., 


* (7, — T,) plotted as a function of 7’,. 
1939—i 2N 
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no more apparatus would be required than that used in taking a 
normal differential cooling curve. These measurements enable : 


df y 
“dt 


bad and (7, — Ty), and 
aT, 
to be calculated. 


The cooling of the specimen is given by : 


, aT ‘ 
M,S, a4 = f(7 iT; TT Ty); 
. dt 
:0., MS = (7, — Tyas XT). sw wt 
"1 1 ») OF, f( 1) ) 
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Fic. 7.—Variation of Approximate Specific Heat with Temperature. 


The change in f(7',) with temperature for a furnace cooling freely 
can be fairly well compensated for by using the following relation : 


dT'y . 
F(T) oc — Fee See ge tae Ce. ie ee 


This arises as follows: For the neutral body : 
MySy = =f(Ty(Ty—Tp). . . «. ~ (6) 
where 7’; is the temperature of the furnace enclosure. Under con- 


ditions of free cooling d7'y/dt changes much more rapidly than 
(1'y — T,), cf. Figs. 4(a) and 5(a), where a change in cooling rate 
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by a factor of 3 is accompanied by a change in (7', — T'y) of 10%. 
Consequently : 
dT y 
“dt 
Now, f(Z'v) = Kf(7), since 7’, is very nearly equal to 7'y and K is 
a constant taking into account factors such as area and emissivity. 
We thus arrive at equation (5). 
To a first degree of approximation, therefore : 


dt dT y ” 
MS, & (Ty — Tw) ar x - ot ee een 


and all the factors on the right-hand side of equation (7) can be 
measured using the suggested experimental arrangement. 

The values proportional to (M,S,) calculated according to 
equation (7) are given in Fig. 7. They compare favourably with 
those given in Fig. 3. 


o f(7'y) to a first approximation (Sy being constant). 
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DISCUSSION. 
(Figs. A and B = Plate XXX.) 


Section III. 


(Scaling of Steels in Sulphur-Free and Sulphur-Containing Furnace 
Atmospheres.) 

Dr. J. W. JENKIN (Birmingham) said that he was glad of the 
opportunity of commending to the Institute the work of Professor 
Cobb, Mr. Preece and their collaborators. Starting as it did many 
years ago with Professor Cobb’s early work on furnace atmospheres, 
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it had in recent years taken on a new emphasis for those concerned 
with the materials that are subject to oxidising gases, and his im- 
pression was that the work would gradually build up a mass of data 
that would eventually enable them to sort out and understand 
the many factors that entered into industrial heating conditions. 
The authors had already put on to a quantitative basis the generally 
acknowledged deleterious effect of sulphur dioxide, although that 
was apparently masked by the presence of 4% of oxygen. 

Unfortunately it was extremely difficult for those who were 
engaged in industrial practice to give specific instances that might 
be of value to the investigators, on account of the impossibility of 
defining accurately the conditions prevailing. Furnace atmospheres 
in practice were so complex as to be far removed from the accurate 
experimental conditions employed by the investigators. In spite 
of that difficulty, he (Dr. Jenkin) would like to submit two instances 
which were apparently not in line with the results obtained in this 
research. The occurrence of intergranular penetration, for instance, 
was a matter of first-class importance to those concerned with 
forging and heat treatment, or even with service at high tem- 
peratures. This type of penetration, he gathered from the paper, 
was likely to be found when SO, was present, with the exception 
that it had not been found at 650° C. nor when the alloying elements 
present were such as to form protective films. The speaker had, 
however, found an example of what bore every resemblance to 
intergranular penetration in an austenitic steel containing 18% of 
chromium and 8% of nickel, with low carbon, that had been annealed 
for half an hour at 1130° C. in a strongly oxidising furnace atmo- 
sphere (5% of CO, and 11% of oxygen); the fuel was a cleaned 
coke-oven gas, but he had no figure for the percentage of SO,. 
The austenitic steel was in the form of an extruded tube, which 
showed no such intergranular penetration in the extruded con- 
dition, although it apparently existed after annealing. The other 
instance was of a mild-steel superheater tube (0-10-0-15% of 
carbon) which had been in marine service for two years and had 
been removed for investigation purposes without having failed in 
any way. Longitudinal sections from this tube were illustrated in 
Figs. A and B at a magnification of 250 diameters. The inter- 
granular penetration was slight but definite, and the microstructure 
of the tubing was as originally supplied, namely, an equi-axed 
grain with the carbide spheroidised and striated in the direction of 
cold-work, characteristic of tubing after cold-drawing and low-tem- 
perature annealing. In this condition as manufactured, the tubing 
would, according to the speaker’s experience, have a thinner scale 
than that shown and a straight boundary between the steel and 
scale. The service conditions, together with the fact that no 
change of structure had occurred, were such that the tubing could 
not have exceeded a temperature of 650° C. during the two years 
that had elapsed since manufacture. 
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Fic. B. 


Fics, A and B.—Mild Steel Superheater Tube (():10-0-15% of Carbon) after 2 years’ marine service. 
Longitudinal section. Intergranular penetration slight but definite, 250, 
(See Jenkin’s contribution.) 
[Discussion on Second Alloy Steels Report. 
[To face p. 548 P. 
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A superheater tube of the kind described would, of course, be 
subject during its service to fluctuations of stress due to the internal 
steam pressure, and this raised the question of the influence of 
stress on the occurrence of intergranular penetration. Whilst it 
was perhaps too early to generalise, it might already be possible to 
say that all high-temperature failure sooner or later was inter- 
granular, on account of the weakness of the grain boundaries at 
high temperatures compared with the grains themselves; this was 
true in vacuo in the presence of stress, and it might be that the 
weakness of the grain boundaries could be accentuated by (a) stress, 
(b) oxidising gases, (c) the presence of a fluid such as the FeO-FeS 
eutectic or even of a solid solution rich in copper or other elements, 
or acombination of any or allof these factors. It appeared from the 
research described in the Report that there were two opposing 
factors at work, (1) the presence of elements forming protective 
films and (2) products of low melting point; it might, therefore, 
be interesting, if it were possible, to study a steel having little or 
no capacity for forming protective films, ¢.e., showing little pre- 
ferential oxidation of the alloying elements in comparison with 
iron, but forming sulphides of high melting point; perhaps a low 
chromium-molybdenum steel would be suitable. In any event, he 
thought the authors should sooner or later include, if they could, 
some experiments in which the effect of stress could be evaluated. 

Dr. Jenkin added that the experimental difficulties associated 
with the measurement of oxidation by cooling down and determining 
the increase in weight rather made one wish for a method that 
would determine the rate of oxidation without the danger of loss 
of scale by flaking off. Since oxidation was a diffusion-controlled 
process, it was likely that where changes of temperature led to 
breaking of the scale, the underlying steel would be oxidised in 
subsequent heating in such a way that the final curve of gain in 
weight with time would be built up of a series of superimposed 
parabolas. On the other hand, if it were possible to measure the 
rate of oxidation at the actual temperature employed, then its 
progress could be followed over long periods without changing the 
atmosphere and cooling down to weigh; in that connection he 
would like the authors’ views as to the practicability of measuring 
oxidation by the rate of change of electrical resistance, which he 
thought could be carried out at intervals over long periods at a 
constant temperature. His comments, therefore, were not of the 
nature of adverse criticisms, but indicated some of the reasons why 
he was glad that this work was likely to go forward with appropriate 
financial support. 


Dr. U. R. Evans (Cambridge) said that the extensive results 
obtained by Professor Cobb and his colleagues were most welcome, 
and served greatly to clarify the behaviour of steels at high tem- 
peratures, especially in the presence of sulphur compounds. There 
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seemed little doubt now that the special corrosion often produced 
at high temperatures in the presence of sulphur dioxide was due 
to the formation of eutectics containing sulphides, which rendered 
the scale liquid or pasty when otherwise it would be solid. Evi- 
dently the influences of oxygen and sulphur dioxide respectively 
constituted, to some extent, two opposing reactions, and when 
both gases were present the effect was not additive; on the con- 
trary, sulphur dioxide sometimes reduced the bad effect of oxygen, 
whilst oxygen sometimes reduced the bad effect of sulphur dioxide. 

Nevertheless sulphur compounds appeared to produce an 
appreciable acceleration upon the corrosion of some materials at 
low temperatures where no liquid could be present. In a general 
way this might be attributed to the fact that bodies with low 
melting points tended to be soft even below their melting points, 
and therefore of small protective value. Probably a more detailed 
explanation could be given in the case of iron sulphide, which had 
long been known to contain less iron than corresponded to the 
formula FeS; the 1906 edition of Dana’s ‘“‘ Mineralogy ” gave the 
formula of pyrrhotite as Fe,,S,., adding that the composition 
varied from Fe;S, to Fe,,8,,._ Probably the structure of ferrous 
sulphide was that of a FeS crystal, with unfilled spaces at certain 
positions on the iron lattice. If, as the researches of Pfeil, Wagner, 
Price and Thomas and others seemed to indicate, the main mechanism 
of film-thickening consisted in the movement of metallic cations 
outwards through the films, the occurrence of a scale containing 
these blank spaces in the cation lattice must be favourable to film 
growth. This was probably one reason why iron sulphide was 
relatively non-protective even at low temperatures. 

The experiments clearly showed that sulphur compounds 
generally increased the total destruction of steel under conditions 
observed in the Leeds laboratory. It must be remembered, how- 
ever, that conditions in industrial furnaces and engines were some- 
what different. The fluctuating temperature, the slight bending 
of the metallic parts, and possibly the abrasion often present 
under service conditions, might tend to crack or scrape off the 
scale if it was not highly adherent. Thus, whilst laboratory work 
often led to parabolic curves connecting time and thickness, so 
that the rate of change became slower and slower as the scale 
thickened, industrial conditions might be expected to show an 
almost uniform rate of destruction (provided that there was no 
great difference between the outer and inner parts of the metal, 
such as occurred in rimming steels). When the scale became thick 
at any place, it would tend to be chipped off, re-exposing the metal 
and allowing once more a high rate of attack. This removal of 
the scale would occur at different times at different places, and 
the curve representing the relation between destruction and time 
might, neglecting small fluctuations, be almost a straight line. In 
such cases the effective rate of destruction of metal—taken over 
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long periods—would depend far more on the adhesion of the scale 
than on its chemical or physical character (such as would deter- 
mine the oxidation rate in short-period laboratory experiments). 
Cases were noted in the present paper where the presence of sulphur, 
although greatly increasing the amount of destruction of metal, 
had given a scale which was more adherent after cooling. If this 
greater adhesion was due to the fact that the layer below the scale 
was liquid or pasty at high temperatures and served after cooling 
as an adhesive to stick the scale proper on to the metal, its presence 
might not imply great adhesion at the high temperatures present 
under furnace conditions. But if the greater adhesion was partly 
due to the fact that, in the presence of sulphur, roots were thrust down 
into the metal along the grain boundaries, then the presence of this 
intergranular penetration, although rightly regarded as dangerous 
in increasing the fragility of the metal, might nevertheless have a 
useful effect in tending to make the scale adherent. 

It seemed, therefore, at least possible that, in service, the 
presence of sulphur compounds might have two effects, one favour- 
able (increasing the adhesion of the scale) and the other unfavour- 
able (increasing the embrittlement of the metal). Tests more 
clearly reproducing service conditions might be needed to decide 
which of these factors would prevail. It would be interesting to 
carry out comparative measurements of loss of strength (in the 
presence and absence of sulphur dioxide, respectively) under con- 
ditions where the specimen was subjected to slow alternating 
stresses, or, if this was not possible, subjected to slow alternations 
of temperature. It was well known that in the testing of electric 
resistance wires and ribbons (made of chromium-nickel alloys, &c.), 
experiments carried out at constant temperature and without 
stress did not represent the order of merit found under service 
conditions. More complicated tests whereby the resistance wires 
were alternatively heated and cooled (or in some cases where they 
were alternately coiled and straightened) must be adopted if the 
values obtained were to have practical value. 

This was not in any way a criticism of the admirable work 
which was being carried out at Leeds University, but merely a 
suggestion regarding lines which might be developed in the years 
to come, if circumstances permitted of it. 


Dr. L. B. Prem (Birmingham) said that all those who had 
attempted to carry out any quantitative determinations of the 
rate of scaling of metals would especially appreciate the work 
which had been carried out by Professor Cobb, Mr. Preece and 
their colleagues. In a research of this kind it was a difficult matter 
to obtain consistent results which could be interpreted satisfac- 
torily; so many variables were involved, so many factors upset 
the results, that he was sure that the authors deserved very special 
congratulations. He thought that the work brought out the 
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importance of collecting a large amount of data on this subject of 
scaling; it was only by having a mass of data that it was possible 
to obtain a proper appreciation of the situation. The authors had 
provided a number of interesting and unexpected results, such, for 
example, as the case where the presence of sulphur dioxide in the 
furnace atmosphere decreased the rate of scaling of austenitic 
nickel-chromium steel. Up till now the view had generally been 
that sulphur compounds were invariably objectionable in causing 
increased scaling rates. 

Any element introduced into steel had an affinity for oxygen 
either greater or less than that of iron for oxygen. Cobalt, nickel 
and copper were typical elements having a lower affinity for oxygen, 
and when elements of this type were present, there was a tendency 
for the scale to contain metallic particles. The quantity of metallic 
particles in the scale increased with the amount of the alloying 
element, but varied also according to the nature of the furnace 
atmosphere. If the atmosphere was only mildly oxidising the 
quantity of metallic material in the scale was likely to be greater, 
because the metallic particles would tend to contain more iron in 
solid solution. 

The other class of element was that which had a higher affinity 
for oxygen and included chromium, manganese and silicon. These 
elements were apt to lead to the presence of an altered layer below 
the surface of the steel. This appeared to be due to oxygen enter- 
ing into solid solution in the steel and subsequently being pre- 
cipitated in the form of globules or films of oxidised compounds. 
A reducing atmosphere—using that term as the authors defined it— 
led to an increased penetration of the globules and films of oxide 
into the steel. It would be seen, therefore, that the employment 
of atmospheres of low oxidation intensity, although reducing the 
scaling rate, might lead to difficulties in other directions. 

Dr. Pfeil referred to some of the developments which had 
occurred recently in the direction of improved oxidation resistance 
in the non-ferrous field. The work of Price and Thomas would be 
familiar to many Members of the Institute. They had shown 
that in the case of copper it was possible to increase the scaling 
resistance to a remarkable degree by the introduction of aluminium 
and the development on the surface of the copper of a film of 
alumina. In another branch, the heat-resisting nickel-chromium 
alloys, what might appear to be insignificant changes in processing 
had led to the oxidation resistance being increased to an extent 
which gave a service life ten to thirty times longer than before. 

It seemed to him that the steel industry might give further 
careful consideration to the possibilities of developments in their 
materials along the same lines as had been found so successful with 
the non-ferrous alloys. At the present time it might be difficult 
to visualise the commercial use of oxidation-resisting films on steel 
ingots or even on small machined forgings. Protective films, how- 
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ever, might be developed without alloying, and in due course a 
simple process might be devised whereby a film of alumina or 
other protective coating could be applied before reheating. Such a 
film should give sufficient heat resistance to prevent scaling while 
the required temperature was being reached. He did not suppose 
that any such film could prevent scaling during rolling or forging, 
but there would be marked advantages were scaling substantially 
prevented during reheating. 


Professor D. T. A. TowNEND (University of Leeds) said that he 
had recently succeeded Professor Cobb in the Livesey Chair at 
Leeds University, and he was fortunate in taking over a depart- 
ment which had such a high degree of research activity. One of 
the principal items of that activity was the work for the Alloy 
Steels Research Committee into the influence of furnace atmo- 
spheres on the scaling of steels, and he was therefore all the more 
glad to be able to congratulate the authors of the paper on their 
excellent survey of the field and on their account of the recent 
important developments in the work, which now covered a wide 
range of alloy steels. The work had been initiated by Professor 
Cobb more than twelve years ago, and it had gone from strength to 
strength. Professor Cobb’s association during the closing years of 
the tenure of his Chair with the very fine piece of work now reported 
on constituted a record of which he might be justly proud. He 
must also compliment Mr. Preece, whom he had found to be a most 
energetic worker, and also his collaborators; personally he was 
happy to feel that future responsibility for the further prosecution 
of the work would be in such capable hands. 

Hitherto the work had been carried out with synthesised atmo- 
spheres corresponding with the products of the flames which one 
might expect to find in furnaces, and it was very probable that 
working with those atmospheres did in fact give a very good indica- 
tion of the scaling propensities of such gaseous flame products in 
furnace work. During the last ten years, however, a great deal of 
information had been acquired on the nature of the chemical 
entities in the flames themselves, which ought now to be taken into 
consideration, particularly in relation to furnace conditions where 
there was flame impact on the steels. He referred more particularly 
to such entities as free atoms and free radicals, of which the exist- 
ence was now known both from spectrographic data and from 
thermo-chemical calculations. For example, there were the C, 
molecules, which gave rise to the Swan bands and existed in the 
flames of a wide range of combustible-air mixtures. The C, mole- 
cules gave rise to the green tinge in flames. There were also CH 
radicals, which gave rise to the violet tinge, and it was also known 
from spectrographic records that there must be a certain concer- 
tration of OH radicals, added to which there were O and H atoms 
as well as molecules, which possessed an excess of internal energy ; 
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and all those species, although they had a short life, were probably 
highly chemically reactive and might play an important part in the 
scaling processes. 

He understood that Mr. Preece had it in mind to carry out 
work in the laboratory on the effect of flame impingement on the 
steel specimens, and he knew that Dr. Sarjant was also interested 
in the problem and was going to carry out work in industrial 
furnaces. It would be appropriate at this juncture if he were to 
endorse Professor Cobb’s remarks in thanking Dr. Sarjant for all 
that he had done in connection with the investigation. Dr. Sarjant 
had not only provided many of the specimens but he also visited the 
laboratory and gave Mr. Preece and his collaborators the help of 
his experience and advice. 

Personally, he thought that the work had been rightly carried 
out on lines directed to making conditions comparable with those 
found in furnace work, i.e., by a flow system. There was, however, 
another field which was perhaps of more academic interest, and 
that was the field which would give information as to the sequence 
of changes as they arose, giving rise to the scales and finally to the 
intercrystalline penetration. He thought that probably in the long 
run information would be gained about that only by applying 
methods of X-ray examination and electron diffraction, and per- 
haps by following closely the chemical changes which were going on 
not only in flow systems but possibly also in static systems. In 
that connection he would like to ask whether Mr. Preece had been 
able to form any idea of the mechanism by which the iron sulphide 
was formed from the sulphur dioxide in the atmosphere and gave 
him the eutectic mixture with the oxide scale. 

In conclusion, he would like to assure the Committee that he 
was very keenly interested in the work which was being carried out 
and would give it every help and encouragement. 


Dr. R. J. Sarsant (Sheffield) said he had had the privilege of 
going to Leeds frequently and seeing the very high standard of 
technique which was used there and of frequently exchanging ideas 
with Professor Cobb and his investigators. Moreover, Mr. Preece 
had been a welcome visitor to their works in Sheffield to observe 
the practical conditions existing in furnaces. 

He would like briefly to indicate the broad lines of the problem 
as he saw it. There was no doubt that, although conditions in 
furnaces were so complex, it could not be said that those conditions 
could not be controlled. The development of furnace practice 
during the last decade or two had led to such advances in the 
matter of the control of furnace atmosphere that if he were asked 
what were the conditions for producing a particular atmosphere 
in a furnace, he would reply that we were in a position to specify 
the conditions and arrive at effective means of obtaining them. 
That did not, of course, necessarily apply to the older methods of 
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firing by ordinary solid fuel, but it did apply to the more modern 
methods of gas-firing. 

The problem was not only a problem of scaling but also a problem 
of determining what were the conditions of heating which put steel 
in that condition in which it could be properly rolled or forged, 
and in his opinion the problem really came into the class of investi- 
gation which was concerned with the layer underneath the scale. 
He referred to that zone of intergranular attack where the oxide 
first invaded the grain boundaries and the origin of a crack was 
made. Therefore it was not necessarily a question of scaling only 
but a question of what were the conditions which governed inter- 
granular attack, and whether decarbonisation could be considered 
as a separate problem from scaling. There were also the more 
important questions of the quality of the steel, whether the steel 
would drop-stamp or whether it would forge without cracking, 
which were, in his opinion, major problems for the steelmaker. 

The question of the amount of scale which broke off was a very 
important one economically, and anything that could be done to 
overcome that source of loss was desirable. He thought that Dr. 
Evans had also touched upon a most important point, namely, 
the question of the life history of the scale, since it was necessary 
to know what happened to a steel surface which had already scaled 
before it was possible to begin to make any practical application 
of the work. 

As he had followed the work which the authors had been carry- 
ing out, however, he had gradually come to feel that a definite 
knowledge was being obtained of the requirements necessary for 
the control of the sulphur-bearing atmospheres and for dealing with 
the important question of the excess of oxygen in the furnace. It 
could be said that the research had already had most important 
practical conclusions. 


Section VII, 


(Influence of High-Frequency Electric Currents on Steels.) 


Dr. S8. A. Main (Sheffield), dealing with the question of the 
influence of high-frequency currents on solid steels, agreed with 
the authors that the previously published evidence was very con- 
flicting. The work which they had done had been most carefully 
carried out and would have to be taken into account in summing 
up what high-frequency currents would do, but it did not cover 
the whole ground, and at Messrs. Hadfields’ they had, as had some 
others, found a positive and favourable influence of high-frequency 
currents in the nitriding process, though there again he agreed 
that there were others who had not done so. 

The evidence was shown in a slide which he exhibited. They 
took what appeared to be all the necessary precautions to be sure 
that they were right, and there was a distinct effect shown for the 
high-frequency oscillations. 
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The authors had produced a rather cold, legal kind of document. 
They had reported on the question of whether high-frequency 
currents did or did not influence the process of carburising, temper- 
ing, &c., but it would be nice to have their views on the general 
question of high-frequency currents and how far their work had 
influenced those views. Although, apart from heating, the influence 
of high-frequency currents had hitherto been shown positively and 
in an agreed way only on gases and liquids, and in fact had been 
applied practically to some of those media, there was a prima facie 
case, it seemed to him, for the possibility that they might act on 
steel in certain circumstances, 1.e., when changes were being pro- 
duced by heat treatment and the steel was in a state of upheaval 
at certain temperatures. There some of the elements, as, for example, 
carbon, were in a state of flux, and therefore, it seemed, capable of 
being affected by outside influences. 

High-frequency currents were oscillations, and the best effect 
was to be expected from oscillations if the object operated on was 
in tune with them—that was, if its period of free oscillation was 
within the range of the applied frequencies. He thought, therefore, 
that it was not possible to be sure in the case of any particular 
process going on in the steel that it was never going to be influenced 
by high-frequency currents unless one had tried the whole gamut 
of the frequencies. That was a tall order, but he thought that it 
was necessary to reserve an opinion even in those cases in which 
the authors had been concerned until the whole large range of 
frequencies had been tried and found to have negative results. 
If a positive result were found, the question arose of what practical 
use could be made of it. It might be that in certain processes the 
frequency which was wanted was altogether outside the range of 
what could be obtained practically, and, if so, there was not much 
that could be done about it. 


Dr. T. SwINDEN (Member of Council, Stocksbridge, near Sheffield) 
remarked that while appreciating very fully this piece of work he 
was not so sceptical as the authors with regard to the possibility 
of some method of oscillation having a really definite effect on 
certain characteristics of the steel, including the facility with which 
nitriding, case-hardening and similar processes could be performed. 
Still further work appeared to him to be justified. 


Section IX., Parts 2 to 4. 
(Thermal and Physical Characteristics of Certain Steels.) 


Mr. G. STANFIELD (Sheffield), in the absence of Mr. P. B. Hen- 
shaw, the Chairman of Sub-Committee A, presented Section IX. of 
the Report, and in doing so referred to an additional piece of work 
that Dr. Jones and Dr. Sykes had carried out, which was not 
referred to in the Report, but which was included as an Addendum. 
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In connection with the thermal analysis of the steels, he said, very 
interesting discussions had taken place in the meetings of the Sub- 
Committee as to the correct interpretation of some of the data. 
One member of the Sub-Committee, Mr. Russell, had presented to 
the present Meeting an independent paper upon the subject}; and, 
whilst that paper was not included in the Report of the Committee, 
he thought that it was correct to say that the presentation of that 
work really arose out of the examination of the thermal curves 
which the Sub-Committee reported. In addition to that, it was 
considered that the provision of further data upon one or more of the 
steels by carrying out tests by some other method would be of value. 
Dr. Sykes, who had carried out such work on other materials by a 
method of his own devising, kindly undertook to apply that method 
to one of the steels which had been the subject of a good deal of 
discussion, and had now presented the results of those tests (see 
Addendum above). 

To put the matter very briefly, Dr. Sykes had shown that a 
prediction made by Mr. Russell with regard to the changes in 
certain steels had proved to be quite correct for the particular 
steel examined, No. 10 in the list. 


Dr. C. Sykes (Manchester) said that in connection with the 
specific-heat work he would like to pay a very well deserved tribute 
to what had been done. The work was noteworthy for two main 
reasons, the technique developed and the results obtained. The 
experimental method, whilst similar in principle to the one used in 
his own laboratories, was different in one essential respect, and that 
rendered the apparatus more suitable than his own for the investi- 
gation of transformations in which latent heat was evolved. This 
was due to the fact that the authors had devised an enclosure of 
small thermal capacity, the temperature of which could be readily 
controlled. That same modification seemed to render the apparatus 
suitable for the investigation of isothermal transformations in 
alloys, which had a very important development in the direction 
of the quantitative treatment of solid reactions. 

The fact that the authors had been able to obtain consistent 
results up to 1,000° C. was a remarkable achievement. It must 
be added in that connection that not enough had been said in the 
paper about the experimental difficulties encountered, and some 
elaboration was desirable if other investigators were to obtain the 
maximum benefit from the work in question. For example, on 
p. 221 reference was made to a galvanometer specially designed to 
eliminate parasitic currents. Anyone with any experience of that 
type of experimental technique and familiar with parasitic currents 
would want to know much more about the authors’ experience in 
that connection. 

With regard to the results themselves, he would like to say 

1 This Journal, p. 147p. 
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that in his laboratory they had examined some of the steels examined 
by Dr. Griffiths up to about 450° C., and their results seemed to 
agree very well indeed with the values given in the paper. There 
had been and still was a great deal of interest in low-temperature 
transformations in steel, particularly in the temperature region 
100-450° C. He thought that the authors should give the sections 
of the curves from 100° to 450° C. on a much larger scale, so 
that it would be possible to get a much more accurate comparison 
with previous work. 

The authors referred to a hump in the specific-heat curve at 
about 150° C., and that suggested that a new graph showing the 
curves in greater detail would help those who were interested in 
such humps. 

Finally, he would like to point out that recently a Dutch paper 
had appeared in which the Dutch investigators claimed to have 
found a discontinuity of about 20% in the specific heat at 150° C. 
This, they said, was accompanied by a corresponding change in 
the coefficient of expansion. In that connection it would be of 
great value if in the work on the coefficient of expansion the range 
from 100° to 200° C. could be dealt with in perhaps a little greater 
detail. 


Professor F. C. THompson (Manchester) said that, like Dr. 
Sykes, he had found the work at the National Physical Laboratory 
dealing with the determination of physical properties of particular 
interest. Dr. Sykes had referred to the research which had recently 
been published from Groeningen.! In that work the specific heat, 
the coefficient of expansion and the electrical properties had received 
special attention. In the case of the true specific heat of iron 
a marked abnormality occurred between 100° and 200° C. There 
were now three pieces of work, by independent investigators in three 
separate countries, which all showed that kind of effect. On the 
other hand, Dr. Sykes and the investigators at the National Physical 
Laboratory had failed to find those points, and he believed that the 
Alloy Steels Research Committee were right when they said, referring 
to the paper by Marshall and himself, that further work must be 
done to confirm the indications of that work. 

It was perfectly true, if the specific heat alone were taken into 
consideration, that it was possible to explain the results away. 
When, however, that was taken in conjunction with the fact that 
the temperature coefficient of resistance of the iron had been found 
to show a marked abnormality not revealed by Dr. Sykes’ work, 
and when, further, it was shown that an equally marked abnormality 
occurred in the coefficient of expansion, it left the whole matter in 
a state of complete fog. He thought that any work which the 
Alloy Steels Research Committee could put in hand dealing with 


1 F. M. Jaeger, G. Rosenbohm and A. J. Zuidhoff, Recueil des Travaux 
Chimiques des Pays-Bas, 1938, vol. 57, No. 12, p. 1313. 
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the fundamental as well as with the more practical side of the 
matter would be thoroughly justified. 


Dr. N. P. ALLEN (Birmingham) said that the work of Dr. Jenkins 
and his colleagues on nickel-chromium and_nickel-chromium- 
molybdenum steels was of special interest in demonstrating the 
need for further understanding of those steels. The explanation 
of their behaviour could be obtained by the application of the 
isothermal methods of study which were described further in 
Sections XII. and XIII. of the Report. 

It was clear that the rates of cooling adopted in the work on the 
nickel-chromium and nickel-chromium-molybdenum steels were such 
that no transformation could take place during the pearlite-forming 
range, and that transformation occurred in what might be termed 
the intermediate range. That transformation, which occurred 
between 500° and 300° C., began, if sufficient time were allowed, by 
the formation at a relatively high temperature of some needles of 
ferrite, which did not account for the total decomposition of the 
austenite. If the rate of cooling were rather quicker and less time 
were allowed, the transformation took place at a somewhat lower 
temperature without the formation of isolated needles of ferrite, 
but ferrite and carbide separated at once. In the case of the nickel- 
chromium steel the slowest rate of cooling was just sufficient to 
allow ferrite to form. There was segregation of carbon into the 
residual austenite, with the result that the residual austenite 
decomposed to ferrite and carbide at a somewhat lower tempera- 
ture, giving the second point. As the rate of cooling was increased 
there was less chance for preliminary separation of ferrite to occur, 
with the result that no segregation of carbide into the residual 
austenite took place, and at the higher rates of cooling the ferrite 
and carbide separated out together, giving the single point observed 
in the corresponding thermal curves. In the case of the nickel- 
chromium-molybdenum steel, the effect of the molybdenum was 
merely to retard the changes in such a way that at the slowest rate 
of cooling adopted the ferrite needles had not separated, with the 
result that in all the curves the single point only was observed. 

The extreme slowness with which pearlite had been shown to 
form in the nickel-chromium-molybdenum steel was certainly due 
to the presence of molybdenum. Molybdenum retarded the forma- 
tion of pearlite in all steels, whether added alone or in combination 
with chromium, manganese or nickel. Fig. C showed, for example, 
the effect of molybdenum additions on the rate of austenite decom- 
position in a steel containing 1-2% of chromium and 0-3% of 
carbon at 600°C. Decomposition was complete within 5 min. in 
the molybdenum-free steel, was slower in the steel containing 0-3% 
of molybdenum, and had scarcely started within 80 min. in the 
steel containing 0-7%, of molybdenum. This extraordinary effect 
of molybdenum was confined to the pearlitic type of decomposition. 
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Though it was not quite without influence, molybdenum had a 
much smaller effect on the rate of the intermediate type of decom- 
position which occurred around 450° C. 
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Mr. E. H. Buoxnatt (Birmingham) said that he had been 
associated with Dr. Jenkins at the National Physical Laboratory 
when the work on inverse-rate curves was carried out. He had 
since left, and there were some points which he would now like to 
put forward from a rather personal standpoint. He did not think 
that the National Physical Laboratory held any special brief for 
thermal curves as a method of revealing the details of what occurred 
during depressed transformations. At the same time it was possible 
to argue to some extent from such curves. For example, steel 
No. 19, a chromium steel, and steel No. 20, a chromium-molybdenum 
steel, were shown by the inverse-rate curves not to be such satis- 
factory deep-hardening steels as the nickel, nickel-chromium and 
nickel-chromium-molybdenum steels, Nos. 10, 11 and 12, inasmuch 
as at the rates of cooling used in those thermal curves of about 8° 
per min. the transformation of the chromium and the chromium- 
molybdenum steels occurred at about 680° C., whereas the other 
steels transformed in the intermediate range at about 400-500° C. 
The critical cooling rate of the cutlery stainless steel was also 
revealed. The difference in the type of the depressed arrest in the 
nickel-chromium and the nickel-chromium-molybdenum steels, 
Nos. 10 and 12, had been dealt with by Mr. Russell in his paper, 
and Dr. Sykes had followed that up since. 

There was a point in connection with the interpretation of 
Dr. Sykes’ results which struck him. Dr. Sykes showed specific- 
heat/temperature curves for steel 10 having two almost equal peaks 
near 500° and 400° C., and attention was drawn to the second peak 
as representing the cessation of the change. Personally, it seemed 
to him that these curves proved that some heat of reaction was 
being evolved over a much longer temperature range, as the change 
could not be said to be fully complete until the stage was reached 
at which the specific heat again became normal at about 200° C., 
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which was in accordance with the thermal curves, the changes in 
hardness and the microstructures observed at the National Physical 
Laboratory. 

He felt that a multiplicity of methods must be employed with 
a given steel before its transformation characteristics were fully 
understood, and he would suggest that if possible the work that 
Dr. Sykes had done on specific-heat changes during cooling should 
be supplemented by measurement of the energy release during iso- 
thermal exposure, and perhaps also of the dilatometric changes— 
in the way described in the paper by Drs. Griffiths, Allen and Pfeil. 


Section IX., Parts 5 to 7. 
(Studies of Quenching.) 


Mr. G. StanFieLD (Sheffield), referring to the kink produced in 
the rate-of-cooling curve during the quenching operation, said that 
the rate of cooling did not follow a smooth curve, and there was a 
tendency for a kink in some cases at a temperature somewhere 
below 600° C. which had nothing to do with the recalescence changes 
in the steel. In the tests which he first carried out that kink was 
not shown. The point where the temperature was taken in those 
tests was 0-3 in. from the outer surface of the specimen, and the 
later tests had shown that the reason for not finding those kinks in 
the curve was the lag between the temperature at that point and 
the drop of temperature at the surface itself. When temperatures 
were measured at the surface those kinks reappeared just as in the 
other experiments. 


Dr. S. A. Matn (Sheffield) said his remarks would have par- 
ticular reference to the paper by Mr. Russell. In his own laboratory 
they were using an apparatus which he thought might be of interest ; 
it was a Japanese apparatus which they obtained on the recom- 
mendation of Professor Honda, using a thin narrow specimen, not 
a spherical ball, and operating autographically from the contraction 
of the specimen during cooling. The furnace could be withdrawn 
very quickly by a pedal action at a suitable moment and the speci- 
men could be turned quickly down into the quenching bath, so 
that there was very little loss of time between the furnace and the 
bath. With that apparatus it had been possible to do some very 
good work. Rates of cooling up to 700° per sec. had been success- 
fully recorded. 

Two curves drawn by the machine were shown on a slide which 
he exhibited. The first curve showed the same characteristics as 
Mr. Russell had pointed out, namely, the cooling was in three 
different phases. With the other information available, the exist- 
ence of those three ranges could be considered as clearly established. 
The oil was Shell Mex quenching oil. The other diagram was taken 
in special circumstances with a coating on the specimen of what 
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Professor Sato, the inventor of the apparatus, called a “ facing 
mixture.” It was made up chiefly from finely ground whetstone, 
but also contained fireclay and a suitable binder. When the speci- 
mens were faced with that mixture an entirely different cooling 
curve was obtained, and Sato stated that it was common practice 
in Japan to use that mixture in the hardening of razors because of 


the advantage which it brought; the rate of cooling was not only’ 


much more rapid than without its use but was also quite regular. 
That bore very much on the point raised in Mr. Russell’s paper as 
to the condition of the surface, and it might be said that the facing 
mixture produced the greatest possible contrast between a smooth 
surface and a rough surface. In other words the idea of roughening 
was utilised to its fullest extent by putting on a coating. It did 
raise the question of whether, in trying, as the Sub-Committee were 
doing, to determine the efficiency of the quenching medium, one 
should not use such a facing mixture because of its bringing out to 
the full the capabilities of the medium; he did not think that that 
was desirable, at any rate exclusively, because, after all, in practical 
quenchings the separate phases of cooling were experienced and 
these were suppressed by the facing mixture. It was desirable 
therefore to know where those phases occurred. 

He subscribed on the whole to the idea that in the first stage 
there was a blanket of vapour, that in the second the liquid was 
actually boiling and forming bubbles, and that in the third stage it 
was below the boiling point and the process of cooling went on by 
convection and conduction. 

The curves shown in the slide had been taken with the liquid 
automatically stirred, for which there was provision in the apparatus, 
and the features in the first curve still existed even in those circum- 
stances. He could not altogether subscribe, therefore, to Mr. 
Russell’s suggestion as to why the curve in the third stage did follow 
more or less the Newtonian law of cooling—a suggestion apparently 
based on the liquid being unstirred. 

He had found it useful to re-plot such curves with logarithmic 
temperatures, because then one could distinguish the different phases 
much better. He had already indicated that he thought that the 
boiling point of the liquid was of some importance, and, although 
that was difficult to determine, nevertheless he believed it to be a 
factor. 

Finally, there was a point of significance, he thought, in another 
field which would be of assistance in the matter. He did not know 
whether anyone had ever tried the effect of quenching red-hot steel 
in liquid air. It remained red hot for a surprisingly long time. In 
all probability a film of vapour was being formed, but he thought 
that that was rather a deterrent for those who might attach undue 
importance to viscosity, since liquid air was not a viscous liquid 
yet it was able under those conditions to allow the heat of the 
steel to be retained and to permit it to cool very slowly. 
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Sections XII. and XIII. 
(Intermediate Transformation in Alloy Steels.) 


Dr. C. H. Descu, F.R.S. (Vice-President, Teddington, Middlesex), 
said that the papers presented constituted an extremely valuable 
contribution to the study of alloy steels. For the final discussion 
it would be necessary to take into account together with those 
papers the Section of the Report which dealt with the curves on 
twenty-one steels, and also Mr. Russell’s paper on the theory of 
cooling curves. He believed that all these really required to be 
discussed together, and a good deal of thought would be necessary 
before such a discussion could be satisfactory. 

The only matter to which he desired to refer at the moment was 
the possible nature of the intermediate transformation. The work 
showed the very great advantages of the isothermal method of 
study. Since the introduction of that method, which really dated 
from Lewis’ work, the whole aspect of the study of alloy steels 
had been changed, and the dilatometric method had, of course, also 
very great advantages. It seemed to be agreed that in the forma- 
tion of the intermediate products of transformation there was a 
primary separation of ferrite in the elongated form, which was rather 
characteristic, and therefore the further decomposition of the 
austenite took place in the presence of that free ferrite, but what 
the exact difference between the products which were then formed 
and those which were obtained in the higher range was, was not by 
any means clear. In the higher range it was now agreed that 
pearlite, sorbite, and troostite were merely products differing in 
texture, in degree of division, but not fundamentally different. 
Here there seemed to be some difference, but it was not quite clear 
what it was. The evidence seemed to show that free carbide was 
not present in the form in which it appeared in the tempered 
martensite, for example, but at any rate there was no evidence that 
a second carbide was formed, and there was of course another 
possible way of separation of carbon which could be better under- 
stood in the light of the work which had been done recently on the 
age-hardening of non-ferrous alloys. 

In the first decomposition of the solid solution of the non-ferrous 
alloys there was a segregation not of a new phase but of certain 
atoms on to lattice planes which could afterwards move to form the 
new phase. There were intermediate stages of that kind which 
were now well recognised, and those might present themselves in 
the transformations in question. 

There were several references to the acicular structure which was 
found in this transformation, but he thought that it was necessary 
to be rather careful in defining an acicular structure. The character- 
istic bainite, as it had been called very often in America, now 
showed a finely laminated pattern, which was, however, quite 
different from the really acicular structure of martensite. If a 
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comparison were made of Figs. 230 and 231 on Plate XIX., it would 
be seen that Fig. 231 was a typical acicular structure such as was 
obtained from normal martensite, but he did not think that that 
could be said of Fig. 230. The difference was that in such a structure 
as Fig. 230 growth proceeded with a certain velocity from centres. 
In the formation of true martensite nothing of that kind occurred ; each 
martensite needle, as it was commonly called—each crystal—appeared 
suddenly and never grew afterwards. It appeared in the midst 
of the austenite and was fully grown from the beginning. Anyone 
who had seen the remarkable film which was now available on the 
formation of martensite under isothermal conditions would have 
noticed how each crystal made its appearance suddenly and was 
fully grown, and the work done by the cinematograph and by 
electrical methods showed that each of those crystals was complete 
within something under 0-02 sec. 

Such a structure as that to which he had referred, namely Fig. 
230, was not formed in that way at all. Although it looked acicular 
and contained what might be described as needles, he believed that 
they had been formed by steady growth in the same way that the 
lamellz were formed in pearlite or the plates in the Widmannstatten 
structure, and he wondered whether some of the needles which were 
shown, for example, in the second figure on Plate XXI., Fig. 239, 
where there were very perfectly formed needles, were really produced 
during the intermediate transformation or whether they made their 
appearance in the subsequent quenching when the remaining 
austenite was transformed. 

The nature of the products formed at that stage was of very 
great interest, and he took it that much further investigation was 
required and would be continued. It would be interesting to know 
the X-ray history of those transformations. He imagined that it 
might be rather difficult, because the lines were likely to be diffuse, 
but it would be interesting to know at what stage either a tetragonal 
phase or normal «-iron made its appearance. 

He would like to conclude with a word on methods of plotting. 
People had become accustomed now to the form of isothermal 
diagram which Bain had made familiar, and in Fig. 260 the repre- 
sentation of transformation characteristics by three sets of curves 
seemed perhaps an unnecessary complication; he thought that 
those data would have been represented better in the form of the 
simple $ cyrves used by Bain which on a logarithmic scale would 
have been easier to read. Perhaps he had not spent enough time 
on it, but he found it a little difficult to pick out from the curves 
in Fig. 260 just what was happening, whereas if the same data were 
plotted in the ordinary form they would be easier to interpret. 


Mr. T. F. Russet (Sheffield) remarked that it was of course 
inevitable that sooner or later English papers would appear dealing 
with the extraordinarily interesting subjects which had been dealt 
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with by Drs. Griffiths, Pfeil and Allen. There had been great 
activity on the Continent, and particularly in Germany, as well as 
in America on the study of phase changes, but it should not be 
forgotten that the foundation of this type of research was laid by 
Dartrey Lewis in 1929 when he found that a plain carbon steel 
could be quenched from the usual high temperatures to 300° C. 
and held for quite an appreciable time without undergoing any 
transformation. 

Although there had been no outstanding paper on the subject 
in England until the present one, it was not to be thought that 
English workers had been in any way backward in this direction. 
The English Steel Corporation had been studying the subject for 
the last four or five years. The authors had used a dilatometer 
method for their study and for determining the phase changes at 
constant temperature, but in the laboratories of the English Steel 
Corporation a magnetic method had been used, and they had 
obtained autographically and simultaneously time-temperature 
cooling curves and magnetic-induction/time curves; from these 
were plotted magnetic-induction/temperature curves for very wide 
variations in rates of cooling. Their deductions in general followed 
those of the authors. 

He would like to confirm one part of the paper, and could not 
do better than read a short paragraph from his own paper on thermal 
curves, pointing out that it had been sent to the Alloy Steels Research 
Committee in September, 1937 : 


‘The study over a number of years of the phase changes 
which take place on cooling nickel-chromium, nickel-chromium- 
molybdenum, and other alloy steels by means of thermal 
curves, dilatation curves and magnetic-induction curves has 
led to a very definite opinion that the so-called Ar’’ point— 
which is obtained when the rate of cooling is such that the Ar’ 
change is wholly or partially suppressed—is really a range of 
temperature which may extend up to as much as 150° C. 
Moreover, the Ar’ range differs from the Ar’ range in the 
following particular: The Ar’ change, austenite-to-pearlite, 
will continue to completion at a number of temperatures within 
a comparatively narrow range, the time required for the 
reaction to complete itself varying with the temperature, so 
that there is one temperature at which the rate of reaction is a 
maximum. This subject has been dealt with by Bain and his 

_co-workers. The Ar” change, which for the want of a better 

name may be called the austenite-to-quench-pearlite change, 
behaves quite differently. It does not complete itself at any 
one temperature; the whole range of temperature must be 
passed through before the change is completed.” 


It had been said that he had predicted that the bottom point 
of the inverse-rate curve was due to the end of the change, but 
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“ prediction’ was hardly the right word, because a long time 
before the mathematical work was attempted there was conclusive 
proof that in some steels the magnetic changes took place over a 
range of 150°, and that if the steel were held constant at any tempera- 
ture in this range the magnetic induction reached a certain maximum 
and did not get any further. Similarly, if they held the steel at 
any one temperature the amount of dilatation kept constant. That 
work had been completely confirmed by the work now under dis- 
cussion in the paper by Drs. Griffiths, Pfeil and Allen. 

The low-alloy steels investigated were such as might be used 
for fairly large forgings and it would not be a commercial proposition 
to maintain these at constant temperature by quenching in a metal 
bath. They could be cooled in a furnace to some constant tempera- 
ture and held at that temperature. He would therefore suggest 
that in future work the authors should study also the rates of 
reaction at constant temperature after the steels had cooled to that 
temperature at slower rates, because it was during the preliminary 
cooling that one might get slight precipitations of ferrite which 
would act as nuclei to promote the reaction which took place later. 

Another important point in connection with constant-tempera- 
ture reactions was the rate at which the heat to be given out during 
the reaction could be abstracted. This might be illustrated by 
the water-to-ice change. If a test-tube of water were placed in 
surroundings at 0° C., say, melting ice, then the water in the test 
tube would never freeze. For freezing to take place the tempera- 
ture of the surroundings must be below 0° C., even if by only an 
infinitesimal amount. The lower the temperature of the sur- 
roundings the faster would be the reaction of the liquid to the solid 
phase. 

This principle probably gave the explanation of the first three 
sets of figures below : 


Constant Temp. Time for Completion Vickers Pyramid 
°0. of Phase Change. Hr. Hardness. 
630 300 186 
620-615 140 229 
600 50 238 
590 2-5 342 
580 2-3 349 
570 3°75 kes 
550 47 351 


The steel, which contained carbon 0:325%, nickel 3-41%, chromium 
0-71% and molybdenum 0-06%, was heated to 860° and cooled at 
approximately 25° C. per min. to the temperature shown in the 
first column. The change in magnetic induction completed itself 
in the times shown in the second column, and the specimen was 
then cooled to room temperature. No further change in the 
magnetic induction occurred during this cooling. The changes 
recorded at 630°, 620-615° and 600° were undoubtedly austenite-to- 
pearlite changes and the differences in the Vickers pyramid hardness 
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numbers were due to the different distribution of the carbide. The 
change at 630° gave laminated pearlite in a ferrite network, but the 
change at 600° gave a sorbitic pearlite. 

By lowering the temperature to 580°, not only was the rate of 
reaction, as measured by the change in the magnetic induction, 
increased to a maximum, but two types of change now took place 
and the hardness rose to 349. The microstructure now consisted 
of about 50% of mixed pearlite and ferrite and 50% of quench- 
pearlite or intermediate product. These reactions must have taken 
place either simultaneously or closely following on one another. 
It seemed then that the rate of reaction of the austenite-to-pearlite 
change depended on the rate at which heat could be abstracted, 
whereas the change from austenite to intermediate product followed 
the laws of a first-order reaction. 





CORRESPONDENCE. 


General. 


Mr. B. Tuomas (Wolverhampton) wrote that although the 
excellent work carried out by the Alloy Steels Research Committee 
covered a very wide field, there appeared to be no mention of alloys 
suitable for use in connection with hardening pots for containing 
lead. This application had developed considerably in recent years, 
and, he thought, would grow still more if some reliable alloy material 
could be found, capable of withstanding the action of lead at normal 
hardening temperatures. 

Tests had been carried out over a number of years and many 
data of interest were available. If the Committee were likely to 
be interested in this information, he would be happy to continue 
further in the matter. 

Turning to another subject, the scaling of steels, as dealt with 
in Section III. of the Report, concerned the loss of metal in certain 
furnace atmospheres. Bound up with this was the question of the 
loss of metal on heating bar stock for stamping and forging. A 
considerable tonnage of steel, both alloy and plain carbon, must be 
lost each year, merely during the heating in forging furnaces prepara- 
tory to the drop-stamping or forging operation called for. Any 
Suggestions as to how this waste could be restricted would be 
welcomed by the industry in general. 


Section II. 
(Delta Region of Iron-Nickel System.) 
Dr. A. H. Jay (Stocksbridge, near Sheffield) wrote that Mr. 


Bristow’s experimental data, Table III., together with the note 
stating that results could be repeated to within 1-2° C. indicated a 
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good technique of thermal analysis. With regard to the use of 
metallic powder to prevent undercooling of the melt, was it not 
possible that the efficiency of such powder was dependent here on 
the nickel content and that small errors of possibly 1° C. could 
arise? This question was asked because of the author’s interpreta- 
tion of the results in respect to the peritectic line and the limit of 
the (8 + liquid) loop. The peritectic line was given as extending 
from 3-4% to 6-2% nickel, allowing a fall of 1° C. between 3-98% 
and 5-70% nickel, as follows : 

Ue 4-34 5-13 5-70 
Temperature. ° C, . - 1512} 15124 1512 15113 
On the other hand this very slight fall could be extended to approxi- 
mately 7:5%, nickel as follows: 1512} > 1512+ 1511} 1511° C. 
This would appear a justified alternative, considering the very 
small temperature differences in question and the fact that metallic 
powder was required to prevent undercooling. Additional evidence 
in support of this alternative interpretation to extend the (8 + liquid) 
loop to approximately 7-5% nickel appeared to be well provided 
by the shape of the liquidus curve. Tracing the curve from high 
to lower nickel contents, there was a distinct change of direction 
at the 7:85% nickel point, while from low to higher nickel contents 
the liquidus curve approached the peritectic line at approximately 

7% nickel. 

With regard to the positioning of the boundaries of the (3 + y) 
region, Fig. 1, it seemed unfortunate that the boundary between 
(8 + y) and y should be fixed by only one recorded falling-temperature 
point, at 3-17% nickel, and drawn about 10° C. below the two 
recorded points for 1:55% nickel which were ascribed to the 
8-(8 + y) boundary. 

These comments were meant to be constructive and did not 
detract from the value of the experimental work. 


Section III. 


(Scaling of Steels in Sulphur-Free and Sulphur-Containing Furnace 
Atmospheres.) 

Dr. R. J. Sarsant (Sheffield) wrote that the paper on “ The 
Scaling of Steels in Sulphur-Free and Sulphur-Containing Furnace 
Atmospheres ” was of such importance as to be worthy of more 
discussion than was possible during the session following the reading 
of papers. 

The characteristics of flame, as Professor Townend remarked 
at the Meeting, might have a specific action on the scaling which 
was not necessarily produced by a synthetic atmosphere. He would 
like to ask whether, in the atmospheres containing an excess of 
carbon monoxide, a deposition of carbon had ever been detected, 
because in his experience it was possible, in the burning of flames 
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with an excess of carbon monoxide, to have this carbon deposition. 
Accordingly, in a furnace in which there were the so-called reducing 
atmospheres, there might also be conditions which were not covered 
by the types of atmosphere used by the authors. This contention 
did not necessarily detract from the value of the authors’ experi- 
ments, because it was quite obvious that all the complexity of the 
conditions to be found in furnace practice could not be covered 
in one series of investigations. 

Since it had been indicated that these investigations would be 
continued, some suggestions for future enquiry would doubtless be 
welcome. Accordingly, he would suggest that the authors carried 
out experiments in which test-pieces were actually in contact with 
flame, or were heated in tubes in which the atmospheres were the 
direct product of flame formation. 

In his discussion at the Meeting, he had indicated that in certain 
cases of steel manufacture the major problems were associated with 
the occurrence of incipient cracks under the scale which subsequently 
gave rise to breaks during forging or rolling, and with decarburisation 
which might necessitate the additional machining of an article after 
heating. There was in many processes a still more troublesome 
disability in regard to the stickiness of the scale. A scale which 
was adherent and tough was, in pressing and piercing operations, 
exceedingly troublesome, as it tended to cause local abrasion of the 
tools. It was known, as a matter of practical experience, that by 
subjecting the heated steel to an oxidising atmosphere at forging 
temperature, the scale could be put into such a condition as to be 
easily removed. The elucidation of the limits of the conditions 
which governed this question of adhesiveness was of great practical 
importance. A favourable set of conditions for the production of a 
tough and adherent scale had been found in the authors’ experiments 
with the 8% aluminium steel in the neutral condition of the atmo- 
sphere at 1000°C. He asked what were the conditions which caused 
disruption of such a scale? Discontinuities in the scaling conditions, 
and repeated heating and cooling could become in practice the 
major factors producing loss of metal. A study of this aspect of 
the problem would be essential for the presentation of the complete 
picture. 

He asked if the authors could say at the present stage of their 
investigations what would be the effect of the scaling in a sulphurous 
atmosphere of a specimen which had been previously scaled in a 
non-sulphurous atmosphere? Alternatively, if a specimen scaled 
in a sulphurous atmosphere were afterwards scaled in a non-sulphur- 
ous atmosphere would the rate of scaling be greater or less? Such 
variation of conditions frequently arose in actual practice. Could 
the deleterious effects of a sulphur-containing reducing atmosphere 
be as harmful to a surface already in a scaled condition, or covered, 
say, by a rolling scale ? 

The results of the further experiments carried out at 1150° C. 
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would be awaited with very great interest. When that investigation 
had been completed, the writer would venture to suggest that it 
would be a convenient occasion for the whole of the valuable 
work done at Leeds University on this important subject to be 
reviewed in the light of the present practice carried out in the iron 
and steel industry. The relative importance of time, temperature, 
composition of the furnace atmosphere, composition of the steel, 
and the physical nature of the scale could be assessed in a truly 
quantitative manner. It might be urged in some directions that 
qualitatively the significance of these factors was already known, 
but a quantitative basis, which the authors were building up, was 
the only scientific foundation on which practice should be established. 


Dr. J. C. Hupson (Birmingham) wrote that the authors were to 
be congratulated on their work, which might be expected to lead to 
results of great scientific and practical importance. They obviously 
had a very wide field to cover. Presumably, their present work 
was intended to have most relation to the oxidation of steels during 
heat treatment or annealing. Other branches of the subject, 
particularly the oxidation of low-alloy and ordinary steels in air 
occurring during hot-rolling, were also of importance to the industry, 
and it was to be hoped that the authors would ultimately find it 
possible to extend their work in these directions. It should not 
be assumed that the behaviour of low-alloy steels would always be 
similar to that of ordinary steel. For example, Jenkin, Winter- 
bottom and Lewis found small particles of metallic copper in the 
rolling scale and at the surface of a 0-5°% copper steel, which seemed 
to be entirely analogous to the nickel-rich deposits reported by the 
authors in the case of their nickel steels. Moreover, in regard to the 
quantitative side, the rolling scales on ordinary irons and steels 
weighed up to about 1 oz. per sq. ft., which was approximately the 
same as the weight of the scales produced on carbon steels by heating 
in neutral atmospheres under the authors’ experimental conditions. 

The authors’ remarks on the relative behaviours of rimming 
steel and killed steel were a little unfortunate in the paper as it 
was printed. It was doubtful whether the two steels tested by the 
authors were strictly comparable in view of the difference in their 
carbon contents; the authors alluded to this difference on p. 56, but 
seemed to overlook it on p. 18, where they made the statement that 
specimens of rimming steel scaled more rapidly than did specimens 
of killed steel. This might be the case, but it was not justified on 
the experimental evidence given in the paper. The authors had 
indicated, however, when presenting the paper, that other evidence 
had been obtained in support of this view, and they would, no 
doubt, publish it in detail when replying to the discussion. 

It had to be remembered when studying the properties of rim- 

1 Second Report of the Corrosion Committee, p. 252, Iron and Steel 
Institute, 1934, Special Report No. 5. 
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ming steels that these differed in different directions. The shape 
of the specimen might have an important effect on the results. For 
example, Dr. Banfield and the writer had shown that the rate of 
dissolution of a steel with a slight rim was 4} times greater from a 
transverse section than from the longitudinal surfaces. Until 
evidence had been obtained to the contrary, it might be well to 
assume that the rate of oxidation of this steel might also be different 
for longitudinal surfaces and transverse sections. 

In the case of the authors’ cylindrical experiments, the ratio 
of the cross-sections, 0-18 x sq. in., to the cylindrical surface, 0-24 x 
sq. in., approximated to unity and was much higher than would 
be the case for most steel articles produced industrially. Hence, 
any differences in the oxidation rates of the two surfaces would have 
an appreciable effect in tests on this type of specimen. Admittedly, 
the tests reported on rimming steel were made on specimens of thin 
sheet, 0-03 in. thick. It was possible that this type of specimen 
was too thin, because, without going into detail, it could be calculated 
that the thickness of the rim would be penetrated by oxidation, at 
least under some of the authors’ experimental conditions. 

It was not at all clear from the abbreviated description given on 
p. 25 how the authors calculated the carbon loss from the experi- 
mental data, and it might be well if they would give a more detailed 
description of the methods used; nor was it clear how the iron in 
the scale was determined. If, as the authors stated, the scale on 
the carbon steels in question consisted entirely of wiistite, it might 
be expected to dissolve entirely in the electrolytic pickling bath. 
Was this the case? Incidentally, it would have facilitated calcula- 
tions if the total loss of carbon in column 6 of Table VII. had been 
expressed in grammes per square centimetre, as in the case of the 
other data. 

Another point that arose from Table VII. was that the ratios of 
the oxidation losses after 8 and 1} hr., respectively, did not corre- 
spond to a parabolic oxidation law; in three cases they were rather 
greater than would be required by a linear variation of oxidation 
with time. Moreover, they varied considerably from one steel to 
another. He (Dr. Hudson) would ask the authors whether this 
variation was connected with the carbon content of the steels or 
whether it was within the experimental error? In this connection, 
he could find no reference in the paper to duplicate experiments, 
so it would be advantageous if the authors would place on record 
the estimated accuracy of an individual experimental result. 

_ Apart from these comparatively minor points of detail, the main 
impression that he had gained from the paper was that Professor 
Cobb and his colleagues had developed reliable methods of investi- 
gating the oxidation of iron and steel under definite conditions and 
were applying them on a scale worthy of our industry. The correla- 
tion of the quantitative results with the micrographic explanation 
of the oxide scales produced was a particularly happy feature of 
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their work, and he felt sure that everyone would wish them success 
in their future investigations. 


Further to his remarks at the Meeting, Dr. J. W. JENKIN (Birm- 
ingham) wrote that as this work progressed he hoped it would lead 
to a better understanding of some problems of scale removal. The 
authors had evidently had difficulty in removing the scale formed in 
various atmospheres on 5% nickel steel at 1000° C., and had rightly 
been content (p. 39) to take the increase in weight as a measure 
of the rate of scaling, in lieu of electrolytic pickling. It was known 
that scales formed on nickel steels under strongly oxidising condi- 
tions were generally removed without difficulty, whereas scales 
formed under reducing or even neutral conditions, on the same 
material, were extremely tenacious. This difference could readily 
be demonstrated in the laboratory, in the absence of sulphur dioxide 
in the furnace atmosphere; it could be shown that scale formed in 
non-oxidising atmospheres might take several times as long to 
remove, whether by pickling, or mechanically by shot-blasting. 
The authors’ work would suggest that this difference might be 
explained in the presence of sulphur dioxide by the fact that although 
4% of oxygen did not completely suppress the formation of ferrous 
sulphide, yet there was a gradual decrease (on adding oxygen) in 
the amount of the nickel-rich material in the grain boundaries, this 
being replaced by fingers of oxide that did not penetrate so far. 
On the other hand, in the absence of sulphur dioxide there seemed to 
be no explanation from the authors’ work of the marked differences 
in the adhesion of the scales formed under the differing conditions 
described. In the heating of nickel-chromium-molybdenum steel 
forgings in industrial furnaces the problem was much more com- 
plicated, for patches of the two types of scale were liable to occur 
side by side—the one removable by pickling or shot-blasting in a 
matter of minutes while the other might take hours. Any help 
the authors could give in overcoming this difficulty would be of 
outstanding industrial value. 


Mr. J. H. Wurretny (Consett, Co. Durham) wrote that he had 
perused with much appreciation this second contribution by the 
authors to the work of the Alloy Steels Research Committee. The 
problems connected with the scaling of steel were undoubtedly 
complex and in several ways the paper added considerably to our 
knowledge. It was to be hoped that the authors would be able to 
continue this important investigation, for there was much yet 
that was obscure. He noted that on p. 17, in their review of 
previous literature, he was included among the earlier workers 
who favoured the theory that scale grew “‘ by the alternate formation 
of higher and lower oxides of iron”’ as against later investigators 
who maintained that growth was due to a direct transmission of 
oxygen to the metal. He would say that he still adhered to the 
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former view, since it was surely most unlikely that red-hot FeO 
would allow oxygen to pass by without combining with it. This 
applied also to scale compositions intermediate between FeO and 
Fe,0,. For this reason he believed that in all cases where some 
FeO was present adjacent to the iron, oxygen diffused downwards 
in combination as Fe,O, (or Fe,;0,), and on coming into contact with 
the metal at the interface or on meeting dissolved iron, if there were 
any, in the lowest layer of scale, this Fe,O, was reduced to FeO. 
In an oxidising atmosphere this process of oxidation and reduction 
would, of course, be continuous and the scale would consequently 
increase in thickness. There was, he thought, need for a thorough 
research on the reduction of the higher oxides of iron by the metal 
itself and on the rate of diffusion of Fe,O, in the lower oxide. 

The authors had demonstrated very clearly the accelerating 
effect of small quantities of sulphur dioxide on scale formation 
and also the counteracting influence of oxygen. That the rate 
of scaling in the presence of sulphur dioxide should be reduced 
by increasing the oxygen concentration in the manner shown 
would scarcely be anticipated from a consideration of the reaction 
Fe + SO, = FeS + O,, not even if the FeS acted as a catalyst, 
as suggested by the authors. Assuming that the law of mass action 
was applicable, an increase of oxygen would reduce the amount of 
FeS. The inference seemed therefore unmistakable that not only 
did the oxygen in the sulphur dioxide contribute to scale production 
but FeS must itself in some way also take an active part. A few 
years ago he described a structure which appeared at the oxide/ 
metal interface and along the surface grain boundaries when steel 
was scaled, and advanced evidence which indicated that this 
structural effect only occurred in the presence of sulphur either in 
the steel or in the atmosphere used.1_ The observations recorded 
in the present paper on the action of sulphur dioxide seemed to 
him to have a distinct bearing on that aspect of the subject. They 
strongly suggested that, to arrive at a proper understanding of the 
mechanism of scale formation in ordinary steels, a further study 
of this structure would be required with regard to both its rate of 
formation in different atmospheres and its rate of oxidation as com- 
pared with that of the unchanged metal. 

In connection with the influence of sulphur dioxide, it might be 
of interest to ascertain whether this substance increased the rate 
of scaling when introduced into the gases after a good covering of 
scale had been formed in its absence. The authors stated that they 
found very little, if any, sulphur in the outer oxide scale when sulphur 
dioxide was used. Another point might here be mentioned. The 
authors assumed that at 1000° C. the solubility of sulphur in steel 
was extremely small and/or the rate of its diffusion was very low. 
On what evidence were these statements based? In estimating 
the sulphur dissolved in the metal beneath the scale, that contained 

1 Journal of the Iron and Steel Institute, 1935, No. I., p. 181. 
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in the penetrating fingers of eutectic material, when present, must 
either be removed first or deducted. Moreover, it was possible 
that sulphur-bearing metal might be oxidised almost as rapidly 
as formed. The manganese content of the steel should also be 
considered, for, as he had stated in his discussion of the paper by 
Bramley, Maddocks and Tateson in the Eighth Report on the 
Heterogeneity of Steel Ingots,! there was evidence which indicated 
that FeS was much more soluble in solid steel at 1000° C. 
than MnS. 

The observations made by the authors that sulphur dioxide 
so accelerated scaling on high-carbon steels that at 1000° C. no 
decarburisation took place might prove of value in the heat treat- 
ment of springs, where the avoidance of decarburisation was 
especially to be desired. Further work at temperatures employed 
in the heat treatment of this material was here obviously needed. 

The authors’ results as shown in Table XI. appeared to indicate 
that at 650° C. no decarburisation occurred even in the absence 
of sulphur dioxide. On this point he would remark that, since 
ordinary etching reagents failed to reveal the grain boundaries in 
eutectoid steels, he had recently endeavoured to discover them by 
decarburising specimens to some depth at temperatures below Ac,. 
This was attempted by heating the specimen for 48 hr. in a closed 
silica tube containing air sufficient to convert at most 0-3% of the 
carbon in the piece to carbon monoxide. He found repeatedly 
that at 630-650° C. decarburisation was almost nil. It was confined 
to the merest film below the scale. At 680-—700° C., however, carbon 
was removed to a considerable depth, there being a sharp line of 
demarcation between the decarburised zone and the adjacent 
eutectoid part. 

In conclusion, he would suggest to the authors that the higher 
rate of oxidation of the rimming steel as recorded in Table XI. 
might be due to the absence of silicon rather than to its low carbon 
content, 


Section IV. 
(Electron-Defraction Study of Oxide Films.) 


Mr. A. B. Wintersorrom (Trondheim, Norway) wrote that 
Mr. Jackson and Dr. Quarrell’s well-planned work would be welcomed 
as an example of an application of a refined physical technique to a 
metallurgical problem. In many cases the really useful applica- 
tions of advances in physical technique lagged considerably behind 
their discovery on account of ill-defined preparation or conditions 
to which they were applied by necessarily specialised exponents of a 
technique inappreciative of these factors. He was particularly 
interested in the authors’ investigations of the effect of surface 
finish on oxide films formed at 400° C. in air at atmospheric pressure 


1 Iron and Steel Institute, 1939, Special Report No. 25. 
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and also in the heating element used by the authors in their high- 
temperature electron-diffraction apparatus. 

Optical studies of the oxidation of iron, in which he was engaged, 
seemed to indicate that the amount and possibly the nature of the 
oxide formed during dry grinding with emery differed very con- 
siderably from that formed during wet polishing with alundum. 
This was not surprising in view of the high local instantaneous 
temperatures attained in dry abrasion, as has been shown by 
Bowden and Ridler,! and it was also in accordance with Campbell 
and Thomas’ work on copper.2 The interpretation of polarimetric 
data obtained for imperfectly reflecting surfaces was, of course, 
complicated; nevertheless it was hoped that experiments now in 
progress would give more precise information on this point. 

By reduction of the surface oxide in highly purified hydrogen, 
which could be accomplished at temperatures as low as 200° C.,% 
with or without subsequent sintering at higher temperatures in an 
inert gas, it was feasible to eliminate the effect of initial oxide, so 
that the effects of variations in surface aggregation on the subsequent 
oxidation could be studied alone without the disturbing factor of 
the initial oxide. On this account it might be worth while to 
provide a pure oxygen-free hydrogen supply to the high-temperature 
camera for the reduction of oxides in situ. Sodium at about 400° C. 
with gases at atmospheric pressure or an arc between molten potas- 
sium electrodes under reduced pressure effectively removed the last 
traces of oxygen. 

Benedick’s method of dry grinding on lead laps charged with 
classified emery * gave very uniform finely ground surfaces much 
superior to those obtained by grinding on papers, and would be 
worth a trial if it should be desirable to define the state of surface 
roughness more precisely. 

In the optical studies to which reference had already been made, 
the same problem of heating an experimental surface in vacuo or 
in controlled atmospheres, encountered by the authors, also arose, 
although in this case constancy of temperature over long periods 
was required. ‘I'wo constructions were considered : 


(1) A flat platinum-foil spiral heating element clamped 
between fused-quartz insulating discs with a single central 
screw attaching the whole to the specimen. 

(2) An internal heating element composed of a coiled plati- 
num-wire spiral cast in an alundum block and pressed against 


1 F. P. Bowden and K. E. W. Ridler, Proceedings of the Royal Society, 
1936, A. vol. 154, p. 640. 
2 W. E. Campbell and V. B. Thomas, Nature, 1938, vol. 142, p. 253. 
C. R. A. Wright and A. P. Luff, Journal of the Chemical Society, 1878, 
vol. 33, p. 1. 
* C. Benedicks and P. E. Wretblad, Jernkontorets Annaler, 1934, vol. 118, 
p. 45, 
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the closed end of a tubular specimen-carrier of heat-resisting 
steel similar to the authors’ apparatus. 


The second alternative was ultimately adopted and proved 
satisfactory for the purpose in view. With a 2-mm. dia., 2-mm. 
pitch spiral of 0-5-mm. dia. platinum wire coiled up flat with only 
1 mm. clearance between coil turns, a specimen temperature of 
550° C. was attained in air at normal pressure with a wire tempera- 
ture of only about 900° C. Clearly substantially higher temperatures 
could be attained before reaching the limit of the wire, particularly 
in vacuo when convective heat transfer was eliminated. 


Section VII. 
(Influence of High-Frequency Electric Currents on Steels.) 


Dr. Huau O’Nett (Derby) wrote that he was very gratified that 
efforts were being made to confirm or otherwise the observations 
made by the late E. G. Herbert regarding the influence of magnetic 
fields upon the properties of ferrous and non-ferrous metals. There 
was no doubt that considerable uncertainty remained as to whether 
important effects had been discovered by this patient researcher, and 
the whole matter justified thorough investigation. Fig. 94 of the 
paper would have greatly pleased Mr. Herbert, because it showed in 
no uncertain manner that the ageing of a quenched steel proceeded 
in a fluctuating way, the authors recording sudden drops in diamond 
hardness of the order of 50 points, which were more than should be 
associated with experimental error. 

The present work had therefore confirmed the fluctuating nature 
of ageing changes, and somewhat similar ageing “‘ steps ”’ in duralu- 
min had also recently been confirmed by results obtained on a remark- 
able hardness testing machine described by Kostron.1 It could be 
considered as established that age-hardening as determined by a 
variety of indentation tests proceeded in a fluctuating manner, and 
although this had probably first been described by Grard ? it was 
observed independently by Herbert and enabled one to place a 
considerable degree of reliance upon his very painstaking work. 

The authors had not been able to obtain any acceleration of the 
carburising of steel by the imposition of a high-frequency current. 
Herbert did not appear to have published anything upon this par- 
ticular subject, but Mahoux and Guillet * had reported that the 
hardness of nitrided steels was increased if the nitriding was con- 
ducted under the influence of high-frequency electro-magnetic 
oscillations. Similarly J. Egan * reported that the speed of nitriding 


1 Metallwirtschaft, 1939, vol. 18, Feb. 3, p. 106. 

2 Revue de Métallurgie, Mémoires, 1920, vol. 17, p. 286. 

3 Comptes Rendus, 1930, vol. 191, p. 1328; Science et Industrie, 1932, 
Nos. 225, 226. 

4 Transactions of the American Society for Steel Treating, 1931, vol. 19, 
p. 481, 
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was increased under the influence of high-frequency currents. He 
(Dr. O’Neill) had co-operated with Mr. Herbert in the duralumin 
experiments 1 mentioned by the authors on p. 162, and he was 
inclined to think that a genuine effect took place under certain 
conditions which had not yet been sufficiently isolated. 


Section VIII. 
(A, Point in Iron-Cobalt and Other Alloys.) 


Dr. A. H. Jay (Stocksbridge, near Sheffield) wrote that this note 
was intended to draw attention to spacing changes in primary solid 
solutions and to show that the use of interatomic distances appeared 
to give a better explanation of lattice spacing changes than did the 


Goldschmidt values. 
In the development of the scheme to account for the observed 


facts in primary solid solutions, three assumptions were made in 
respect to small additions of the second metal : 


Assumption 1.—That the added atoms retained their own 
characteristics and did not take the characteristics of the parent 
lattice. This inherent character of the dissolved atoms might 
be modified when there was a tendency to form a regular atomic 
arrangement. 

Assumption 2.—That these atoms were to be regarded as 
wandering, i.e., having no definite place in the parent lattice. 

Assumption 3.—That these atoms occupied as large a volume 
as possible. 


It would be appreciated that these three assumptions were 
closely related. 





The System Iron-Cobalt. 


Interatomic distances (atom size) . Fe = 2-47,; Co = 2:50, A. 
Goldschmidt values . , ; . Fe = 2-55, 2:52; Co = 2-50, A. 


From a consideration of the values as given by Goldschmidt, the 
spacing of the iron lattice would be expected to decrease with the 
addition of cobalt. This was contrary to the experimental facts. 
On the other hand, from the interatomic distances, an initial rise in 
the spacing-composition curve was to be expected, and this was in 
agreement with experiment. The low rate of spacing increase with 
additions of cobalt continued up to about 20% of cobalt. It was 
not unreasonable to suggest that around this composition, where one 
cobalt atom was now found close to another cobalt atom, it became 
necessary for the cobalt atoms to conform to a more regular arrange- 
ment, i.¢., take a definite part in the «-iron solid solution. It was 
at this stage that Goldschmidt values became operative. Taking 
account of the empirical reduction in atom size of 3°4(Goldschmidt) 
for the change from face-centred-cubic to body-centred-cubic 


1 Proceedings of the Royal Society, 1931, A. vol. 130, p. 514. 
1939—i 2P 
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(cobalt face-centred-cubic = 2-50, A.), the new operative dimension 
of the cobalt atom was 2-50, less 3°% = 2-43 A. The experimental 
values for the range 25-75% cobalt showed a spacing change which 
was equivalent to approximately 2°, for a change of 100% in cobalt 
content. This was in good agreement with the change from iron = 
2-48 A. to cobalt = 2-43 A. It should be noted that in the first 
additions of cobalt to iron the larger atom size of cobalt relative to 
iron was used. 

A similar line of argument could be followed with regard to the 
iron-chromium system. Here, again, the largest size of the chromium 
atom in chromium was used, viz., 2-71 A., to explain the large 
initial spacing increase for small additions of chromium to iron. 
At the composition FeCr it was assumed that an Fe—Cr ordered 
arrangement occurred and here both iron and chromium atoms must 
play their full part in the lattice. It was observed experimentally 
that the spacing of this alloy was in close agreement with the line 
joining the spacings of iron and chromium and suggested that the 
size of the chromium atom was now 2-49, A. to iron 2-47, A., or 
with Goldschmidt’s values chromium 2-57 A. to iron 2-55 A. Thus it 
became necessary to acknowledge that the character of the chromium 
atom changed in passing from low- to high-chromium iron alloys. 

A further interesting example was the iron-silicon system. The 
spacings of low-silicon iron alloys showed considerably higher values 
than were to be expected from the relative sizes of the iron and silicon 
atoms in their respective pure states. The spacing-composition 
curve again suggested that the character of the silicon atom changed 
in passing from low to high silicon contents. Contrary to the 
authors’ hypothesis, initially higher spacings were not connected 
with a fall in the A, transformation curve. 

Brief reference would be made to the Fe—Ni and Fe—Al systems. 
In the Fe-Ni system «-iron solid solution, the spacing of iron was 
increased by the addition of nickel up to about 5%. An increase 
was to be expected from the respective atomic sizes of iron and nickel, 
whilst from Goldschmidt’s values a decrease would be expected. 

The example of the Fe—Al system was chosen to show the diffi- 
culty of explaining full details of spacing changes. Here the 
addition of aluminium increased the spacing of the iron lattice, 
though to a lesser amount than would be expected from the relative 
sizes of iron and aluminium. It seemed highly probable that in 
this case electron exchange was taking place, the size of the aluminium 
atoms being quite different from that determined from the pure 
metal. 

One of the features of the above explanation was that the atoms 
of the added metal were to be regarded initially as free, 7.e., not 
constrained by the atoms of the parent metal nor by the presence 
of like atoms, since these were, because of their low concentration, 
on the average at greater distances away. 

A second point suggested was that the solid solution of a second 
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metal took place in such a manner as to cause the greatest possible 
disturbance to the lattice of the « solid solution of the parent metal 
or alloy. 

It was hoped that this paper would assist in focusing more 
attention upon the true character of primary solid solutions, 
especially those concerned with iron. 


Section XI. 


(Corrosion-Fatigue.) 


Mr. A. B. WinTERBOTTOM (Trondheim, Norway) wrote that the 
authors were to be heartily congratulated on their new approach to 
the study of corrosion-fatigue phenomena. He had himself attempted 
something of a similar nature in 1936 while holding a Robert Blair 
Fellowship, and though the results were of a negative character 
they might nevertheless be worth brief mention in the discussion of 
the present paper. One point which particularly interested him 
at that time was whether a corrosion-fatigue crack commenced to 
grow at the very first stress cycle or only after an appreciable period 
of induction—in other words, whether there were two phases in the 
processes producing damage. It seemed clear that a much more 
sensitive technique for the detection of crack formation than even 
high-power microscopy was necessary and that neither the form 
of the test-piece nor the method of testing need necessarily be based 
on the conventional ones employed in routine work. A number 
of methods likely to give sensitive indications of cracking were 
considered, amongst which the following seemed most promising : 


(1) Electrode potential determinations and/or leakage- 
current measurements with constant polarising voltage on 
electrodes subjected to cyclic stressing. 

(2) X-ray back-reflection determinations of surface stress at 
a constant phase of the stress cycle in a rotary bending test. 

(3) Reflection of polarised light from a plane polished 
surface subjected to cyclic stresses for various periods. 


Of these attention was confined to (1) in the first instance. 

Kroenig and Boulitschewa found only slight changes in the 
potentials of electrodes subjected to steady stresses, although there 
were appreciable changes in the rate of corrosion.1 However, it 
seemed possible that there might be a transient alteration in the 
electrode potential on stressing which repeated every cycle under 
cyclic stressing. Arrangements were accordingly made for the 
study of electrode potentials or leakage currents during single stress 
eycles, and a powerful Thyratron vibrator was built, capable of 
vibrating either cantilever test-pieces or free-free bars supported at 
their nodes at resonant frequencies in the range 100-300 cycles per 


1 W. O. Kroenig and A. J. Boulitschewa, Korrosion und Metallschutz, 1936, 
vol, 12, p. 73. 
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sec. A Cambridge valve electrometer and calomel reference 
electrode were used for the potential measurements during single 
stress cycles. A number of experiments with 18/8 chromium-nickel 
steel, aluminium and duralumin surfaces abraded with 12y emery 
and immersed in V/10 potassium chloride solution gave no indication 
of a transient effect on stressing even beyond the elastic limit, 
although scratching the immersed surface with a glass rod caused 
an instantaneous fall of potential, which slowly recovered over a 
period of many minutes. Similar results were obtained in leakage- 
current experiments with aluminium. 

These rather unexpected results could only be interpreted as 
indicating either that there were no changes in the surface on 
stressing or, more plausibly, that the changes occurring were not of 
a character which influenced the electrode potential. For instance, 
it seemed conceivable that deep crannies might be extended on the 
application of stress but that the new surfaces exposed at the base of 
such crannies exerted a negligible influence on the potential of the 
electrode on account of the electrical shielding of the surrounding 
film-covered metal. The investigations were discontinued at this 
point on account of the demands of other work, but it was hoped 
to take up the problem again later. This would not be a duplication 
of the authors’ work, as it would be noted that their arrangement 
gave the potential of an electrode subjected to all phases of the stress 
eycle along parallel lines around its cylindrical surface, so that it 
was not adapted to search for possible cyclic effects. In view of the 
cyclic and cumulative nature of corrosion-fatigue damage it might 
be desirable to search for associated cyclic phenomena with a view 
to correlating them with corrosion-fatigue damage. 

Turning now to the present work, the results might be described 
as a comparison of the effects of various factors on (1) the sum of the 
rate of corrosion damage over a number of cycles, termed the film- 
life, corresponding to a constant film damage characterised by a fall 
of potential, and (2) the sum of the rate of mechanical damage over 
another number of cycles, termed the wire-life, corresponding to 
constant mechanical damage, viz., fracture. Even this rather 
pedantic statement was not necessarily strictly true, as it was by 
no means certain that the phenomena described as damage did not 
vary in nature and amount whilst still giving constant indications 
with the methods of observation available. However, this probably 
represented a sufficiently precise statement of the phenomena studied 
to serve as a provisional basis for discussion. Further, it seemed 
desirable to think in general terms of a finite amount of corrosion 
damage corresponding to the fall in potential, rather than the 
limiting case, perhaps tacitly implied by the term film-life, at any 
rate until it was established that the fall actually did correspond to 
such a limiting case. 

1 A. B. Winterbottom, Det Kongelige Norske Videnskabs Selskab For- 
handlinger, 1936, vol. 9, No. 44, p. 172. 
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The authors rightly reserved interpretation of the present pre- 
liminary data until a more comprehensive survey had been completed. 
Nevertheless, certain unmistakable tendencies seemed evident 
in the results so far available. The relations between the variables, 
stress range and electrolyte concentration and film-life on the one 
hand and wire-life on the other, seemed to be determined by radically 
different functions. This was perhaps best brought out in the 
graphical representation of the relations between film-life and wire- 
life with the stress range and electrolyte concentration as parameters, 
Fig. 208. At the lower chloride concentrations the film-life appeared 
to be practically independent of the stress range, whilst at the higher 
stress range the wire-life increased only about threefold for a 
reduction in chloride concentration which produced an approxi- 
mately twentyfold increase in film-life. The effect of chromate in 
the range investigated was even more complex, varying from an 
effect similar to that produced by a reduction in stress range at low 
concentrations to one similar to that produced by a reduction in 
chloride concentrations at higher concentrations. It would cer- 
tainly seem worth while to follow up the interesting work on rust 
stains by an investigation of the conditions producing constant 
stain to ascertain whether these varied in a manner analogous to 
film-life or in some way intermediate between film-life and wire-life. 
This would seem to be the first instance of a quantitative determina- 
tion of actual corrosion in a corrosion-fatigue test. 

When investigating the effect of surface finish it would perhaps 
be desirable to include some undeformed surfaces such as might be 
prepared by electrolytic polishing or bright-annealing as well as the 
usual mechanically finished. Attention would also doubtless be 
given to the comparison of the effect of anions of varying size and 
mobility and varying passivifying and activating effects as well as 
the effects of electrolytic polarisation. 

When it was remembered that the present results were concerned 
only with one surface treatment, two stress ranges, one frequency 
and two anions in a range of concentrations at one temperature, the 
magnitude of the task of investigating the effects of all these factors 
would be appreciated. 


Dr. J. C. Hupson (Birmingham) wrote that one of the interesting 
points brought out by the work of Dr. Gould and Dr. Evans was the 
effect of a narrow helix of zinc tape in increasing the life of steel- 
wire specimens subjected to corrosion-fatigue. The authors’ 
conclusion that this prolongation in life was due to the protective 
effect of the zinc itself was undoubtedly correct, particularly as it was 
substantiated by the work of Richards! on specimens subjected to 
corrosion only. From a scientific point of view, however, it would 
be of interest to repeat the experiment on wires wrapped with a 
similar tape, not of zinc but of a similar steel to the wire itself. It 

1 Journal of the Iron and Steel Institute, 1938, No. I., p. 127 P. 
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was known that the resistance of a wire to corrosion increased to 
some extent with its diameter, and the same effect might occur in 
the present instance, since the diameter of the specimen was in- 
creased by the tape. It would also be of interest to compare the 
behaviours of specimens wrapped with a zinc tape and others carry- 
ing a uniform coating of zinc, applied, say, by hot-galvanising, of 
the same weight as the zinc helix. 


Section XII. 


(Intermediate Transformation in Alloy Steels.) 


Dr. Huae O’NEtt (Derby) wrote that he valued this important 
paper by Drs. Griffiths, Pfeil and Allen, because for some time he had 
been concerned with hot-bath quenching of steels. On p. 346 
the authors stated that the explanation of this modified method of 
hardening was first experimentally demonstrated by Davenport 
and Bain, but the work of D. Lewis, which showed the practical 
possibilities of the method and illustrated the different types of 
microstructure observed, should not be overlooked. Lewis, 
however, had been preceded by Honda and Tamaru,? who in 
January 1928 published a paper entitled “A New Method of 
Quenching Steels in a High-Temperature Bath.” This paper gave 
no illustrations of microstructures but showed how the hot-bath 
quench gave greatly improved impact values as compared with the 
water-quench followed by tempering. 

The chief point of the present authors’ work centred around what 
they called the intermediate transformation, and he (Dr. O’Neill) 
had been concerned as to whether such intermediate transformations 
were involved in certain peculiar features observed in manganese- 
molybdenum steels. In a paper read before the Institute in 1937 
he had shown that forged and heat-treated blocks of manganese- 
molybdenum steel sometimes exhibited a type of heterogeneity 
evidenced, for instance, by one notch in an Izod bar giving 100 ft.|b. 
impact value with a local diamond hardness of about 203, whilst 
the adjacent notch might have an impact value of only 59 ft.lb. 
with an increased local hardness of 235. Similarly, Fig. 5 in the 
paper immediately referred to showed the microstructure of an 
Izod test-piece which gave 93 ft.lb. impact resistance with a hardness 
of 215, whilst Fig. 6 illustrated an Izod specimen from the same test 
block and within an inch of that just mentioned, which gave a 
resistance to impact of only 42 ft.lb. with a corresponding hardness 
value of 232. The microstructure at a magnification of 1000 
diameters in this last case showed a faint boundary network 
effect, and the pearlite had a suggestion of acicularity or layering 
which was not evident in the tougher structure. Comparison with 
Figs. 237 and 236 respectively of the authors’ paper suggested a 


1 Journal of the Iron and Steel Institute, 1929, No. I., p. 427. 
2 Science Reports of Tohoku Imperial University, 1928, vol. 17, No. 1, p. 69. 
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correspondence of structure, and the Izod value behaved in a 
corresponding way. 

In enquiring whether the intermediate-transformation effect 
might have been involved in these manganese-molybdenum steels, 
an important difference must be considered. Wherever the authors 
recorded a decrease of Izod due to the intermediate transformation, 
they had a corresponding decrease of the maximum tensile strength 
of thespecimen (e.g., manganese-molybdenum steel in Table LX XVI.). 
This suggested that the hardness value would similarly have de- 
creased with the Izod value, whereas in his (Dr. O’Neill’s) observa- 
tions the hardness value had increased with fall of impact properties. 
He would be glad to have any observations which the authors 
could make on this matter, and would point out that insofar as 
their Fig. 216 might apply to manganese-molybdenum steels, a 
specimen having a maximum stress of, say, 45 tons per sq. in. due 
to the intermediate transformation, would have an Izod value of, 
say, 20 ft.lb., whilst material with a decreased tensile strength of 
about 40 tons per sq. in. due to the martensitic transformation would 
have an increased Izod value of perhaps 80 ft.lb. To that extent 
the application of Fig. 216 might give results agreeing with those 
observed by him (Dr. O’Neill) on manganese-molybdenum steel. 

At the time the explanation given of the localised decrease in 
Izod value had been that there was local segregation of molybdenum, 
manganese and perhaps carbon, which brought those localities above 
the A, transformation during tempering, leading to the production 
of some phase with reduced impact resistance. Nevertheless, 
it was appreciated that variations in the cooling rate at different 
points of a forged block might prevail, and certain rates might 
produce the intermediate type of transformation with its deleterious 


properties 





COMMITTEE’S REPLY. 


The AtLoy STEELS RESEARCH COMMITTEE, in reply, desired to 
express their appreciation of the numerous contributions to the 
discussion submitted both verbally and in writing. These would 
receive careful consideration by the Committee as a whole, but so 
far as replies to the various points made were concerned, it was 
thought better that the individual authors should deal with them 
themselves. Their replies would be found below. 


Section II. 
(Delta Region of Iron-Nickel System.) 


In reply to Dr. Jay, Mr. Bristow wrote that the metallic powder 
used for inoculating the melts to prevent undercooling had exactly 
the same composition as the melt, and its function was to provide 
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nuclei on which crystallisation could begin as soon as the liquidus 
temperature was reached. The melt was kept in violent agitation 
by the high-frequency current, which was maintained and gradually 
reduced during the taking of the cooling curves. The weight of 
the powder was so small that it could not have any measurable 
effect on the liquidus temperature. This conclusion was borne 
out by such liquidus temperature checks as were obtained from 
the heating curves. 

The peritectic line must be horizontal, and its position was fixed 
by those arrests which lay on a horizontal line. The temperature 
of 1512° C. agreed with these arrests within the limits of experimental 
error. The correctness of its position was confirmed by the inter- 
section of the (8 + y)-y and the (y + liquid)~y lines, which inter- 
sected each other and the peritectic line at 1512° C. Even allowing 
Dr. Jay’s interpretation that the peritectic should pass through 
1511° C. at approximately 7:5% nickel, the (8 + liquid)—liquid 
line would intersect it at not more than 6-5% nickel. 

The peritectic line marked a definite break in the liquidus 
curve. Dr. Jay was correct in pointing out a change of direction 
in the liquidus at 7-85°% nickel, the curve then passing smoothly 
into the peritectic line. 

The position of the (3 + y)-y line was fixed by the points at 
3:17, 3-98 and 4-34% nickel and by the fact that it must terminate 
at the 3~y change point in iron, which was found at 1388° C. 


Section ITI. 


(Scaling of Steels in Sulphur-Free and Sulphur-Containing Furnace 
Atmospheres.) 

Mr. PREECE, in a written reply on behalf of the authors, expressed 
their appreciation of the detailed consideration which had been 
given to this paper, and their thanks for the helpful suggestions made 
concerning further work which might be undertaken. 

Dr. Jenkin had brought forward two important instances of 
intercrystalline penetration of oxide scale, but the conditions under 
which these scales had been produced were rather different from 
those used in the investigation undertaken by the authors. The 
18% chromium, 8% nickel steel mentioned by Dr. Jenkin had 
been treated at 1130° C., which was well above the temperature, 
1000° C., used in the present work. The experimental work at 
1150° C. had only been commenced and the authors were not yet 
in a position to give an opinion on the scaling properties of this 
steel at that temperature. 

With regard to the superheater tube the view might be taken 
that penetration of oxide along the crystal boundaries had arisen 
owing to internal stresses producing conditions similar to those 
which induced intercrystalline penetration of molten solder or brass 
into steel. 
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Dr. Jenkin had also raised the difficult problem of explaining 
why scales produced in reducing atmospheres were more difficult 
to remove by pickling or sand-blasting than those formed in oxidis- 
ing atmospheres. The evidence obtained by the authors suggested 
that the scale formed in the neutral or reducing atmosphere was 
strong and compact throughout its thickness, as shown in Fig. 209 
of the First Report of the Alloy Steels Research Committee, while 
in oxidising atmospheres the scale formed was multi-layered, 
with the innermost layer extremely friable. Figs. 47 and 48 in the 
present Report clearly showed the fragile nature of this inner layer. 

The possibility of using a continuous method of measuring the 
rate of oxidation had been considered, but so far no simple method 
had presented itself, and while it would be agreed that the gain- 
in-weight method of measuring the rate of oxidation had limitations, 
it could be used satisfactorily for the general survey which was 
being undertaken. An electrical method as suggested by Dr. 
Jenkin would have its advantages for the highly alloyed heat- 
resisting steels and its adoption would be considered when these 
steels came to be examined. 

Dr. Evans had suggested an incomplete cation lattice in the 
ferrous-sulphide crystal as one of the probable reasons why the 
presence of iron sulphide in the scale layer could bring about an 
increased rate of scaling. While this might be true, so many 
factors were involved which could influence the mechanism of scale 
formation that the authors thought it was a little early to attempt 
an explanation of this effect of sulphur-bearing atmospheres, 
especially as the iron-oxide/iron-sulphide equilibrium diagram had 
not yet been worked out. 

With regard to Dr. Evans’ remarks concerning the advisability 
of using a fluctuating temperature and alternating conditions of 
stress in the steel during the scaling period it would be agreed that 
for heat-resisting steels and materials like chromium-nickel alloys 
such a method would be most suitable. It should be emphasised, 
however, that the investigation under discussion must be regarded 
as a general survey of the scaling properties of a collection of steels, 
not of the heat-resisting type, but representing a large tonnage of 
material which had to be heated for forging and rolling, and this 
survey endeavoured to show the deleterious effects of certain 
furnace atmospheres during these heating processes. 

Dr. Evans also mentioned the adherence of scale produced in 
furnace atmospheres containing sulphur. The authors’ experiments 
had shown that in the neutral atmosphere the first additions of 
sulphur dioxide rendered the scale less adherent, and this was in 
agreement with industrial experience. With excessive amounts 
of sulphur dioxide in the atmosphere and the consequent formation 
of the oxide-sulphide complex at the scale/metal interface, scales 
would be produced which would be pasty and adherent at very 
high temperatures, as envisaged by Dr. Evans. 











586 P SECOND REPORT OF THE 


The authors were grateful to Dr. Pfeil for his suggestions and 
ideas concerning the use of protective films during the heating for 
forging. The authors believed that Dr. Pfeil was studying certain 
aspects of oxidation resistance, and it was hoped that the results 
of this work would be published in the near future. 

Professor Townend and Dr. Sarjant had stressed the important 
aspects of flame characteristics and had indicated the advisability 
of adopting a technique in which the flame obtained from the 
combustion of a fuel was allowed to impinge on the steel specimen. 
The authors agreed entirely with this suggestion, indeed some 
preliminary experiments which had already been carried out by 
Mr. Parker (Carnegie Scholar) in their laboratory at Leeds had 
clearly demonstrated the advisability of including this method of 
experiment. 

Professor Townend had asked how the iron sulphide came to 
be present in a scale produced in an atmosphere containing sulphur 
dioxide. A complete answer to this question could not be given 
just yet, but from the results so far obtained it was evident that the 
formation of iron sulphide in the scale involved certain intermediate 
reactions producing hydrogen sulphide or sulphur which was taken 
up by the scale and diffused through it, towards the unoxidised 
metal surface, at or near which iron sulphide was formed. 

Dr. Sarjant had drawn attention to an important difference 
between the synthetic reducing atmospheres and those obtained 
in practice by the incomplete combustion of a fuel. In the latter 
case a deposition of carbon was formed, which might have an 
important influence on the scaling properties of the steel. It 
would be possible to examine the effect of this deposited carbon 
in the impinging-flame experiments to which reference had been 
made. 

The authors were pleased that Dr. Sarjant had supported the 
idea of using synthetic atmospheres for preliminary experiments 
on this problem of the scaling of steels. It seemed the only way 
in which a satisfactory approach could be made to this important 
subject, because of the opportunity it offered of controlling the 
variables and studying their effect. 

Dr. Sarjant would be interested to know that after a steel had 
been exposed for 1 hr. to the neutral atmosphere containing 0-2% 
of sulphur dioxide, exposure for a further 1 hr. to the same atmo- 
sphere but without the sulphur dioxide maintained nearly the same 
rate of scale formation. It seemed that the iron-sulphide/iron- 
oxide complex, once it had been formed at the scale/metal interface, 
was fairly stable. If, on the other hand, a specimen which had been 
previously scaled in a sulphur-free atmosphere was placed with 
its oxide scale intact into an atmosphere containing sulphur dioxide, 
the rate of scaling immediately increased, demonstrating that a 
coating of oxide scale on a steel did not protect it from the sulphur 
dioxide in the atmosphere. After this dual scaling treatment 
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oxide-sulphide eutectic was found at the scale/metal interface of 
both specimens. 

In reply to Dr. Hudson the authors would agree that a knowledge 
of the scaling characteristics of low-chromium steels would be 
valuable to the industry, and arrangements were being made for 
the supply of a number of these steels for examination. 

That the higher rate of scaling of the rimming steel was not 
due to its low carbon content had been demonstrated by the following 
experiments: A specimen of the 0-29°% carbon steel (described in 
Table X. of the present Report) had been decarburised and treated 
for 3 hr. along with a normal specimen of the 0-29°%, carbon steel 
and a specimen of the rimming steel in the neutral atmosphere at 
650° C. ‘The increase in weight in each case was shown below : 


Steel. Increase in weight in 3 br. in 
80% Ny, 10% CO,, 10% H,0. 
Rimming steel : : ‘ : ‘ -  0-00146 g. per sq. cm. 
0:29% carbon steel: Normal . 2 . - 0-00129 a 
Decarburised . ‘ - 0-00126 = 


In the authors’ experiments it had been found that the shape 
of the specimen and the ratio of the cross-section to the surface 
area had no influence on the rate of oxidation of the specimens for 
killed steels and also for a number of non-ferrous metals and alloys 
such as copper, aluminium, nickel and Monel metal. It would be 
agreed, however, that this might not be true for rimming steels. 
The only specimens of rimming steel that had been used in these 
experiments had been in the form of flat strips as described in the 
paper. This type of specimen seemed ideal, since this quality of 
steel was largely used for the manufacture of sheet and plate. In 
view of Dr. Hudson’s observations, however, specimens of a rimming 
steel of various shapes would be examined, and the effect of the rim 
could then be determined as had already been done by Dr. Hudson 
and Dr. Banfield in their experiments on corrosion. 

The loss of carbon from the specimen during scaling was deter- 
mined by the following procedure: The specimen was weighed 
before and after scaling. The increase in weight of the specimen 
during scaling was the net effect of the two operations, i.e. : 


(1) An oxygen pick-up to form the oxide scale. 
(2) A loss of carbon. 


The specimen was descaled in an electrolytic pickling bath. The 
_ in weight during descaling was the weight of scale produced 
(Fe + O). 

The iron content of the scale could be determined and therefore 
the oxygen content obtained by difference. 

Since the increase in weight during scaling was the net effect 
of the oxygen pick-up (equal to the oxygen in the scale) and loss 
of carbon, the latter could be obtained. 
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In reply to Dr. Hudson’s further questions, the iron content 
of the scale was determined by dissolving the scale in the elec- 
trolytic pickling solution. It was necessary to heat the solution 
to dissolve the scale. When solution was complete the iron was 
oxidised to the ferric state by potassium permanganate and finally 
titrated with titanous chloride using ammonium thiocyanate as 
indicator. 

With regard to the departure from the parabolic oxidation 
law of specimens heated for 14 hr. and 8 hr., the authors would 
attribute this to the carbon and silicon contents of the steels. It 
had been found that the experimental error in measuring the increase 
in weight of specimens during scaling in sulphur-free atmospheres 
was of the order of 3°, and in atmospheres containing sulphur 
dioxide 5%. 

Mr. Whiteley, in support of the theory that oxidation proceeded 
by the interaction between higher and lower oxides, had said that 
it was unreasonable to assume that oxygen could diffuse as such 
through a layer of red-hot FeO. While this might be admitted, 
the authors were being forced to the conclusion that a layer of 
oxide consisting of FeO and Fe,0, would allow the passage of 
either hydrogen sulphide or sulphur, and the following reason was 
suggested: In an atmosphere where the sulphur dioxide was 
unstable and could break down to hydrogen sulphide or sulphur, 
the rate of scale formation of a steel specimen was high and 
iron sulphide was found at the scale/metal interface. If, 
on the other hand, the sulphur dioxide was stabilised by the 
addition of sufficient free oxygen to the atmosphere, it had no 
effect on the rate of scaling, and very little sulphur was found at 
the scale/metal interface. These results suggested that either 
hydrogen sulphide or sulphur could diffuse through the oxide scale 
and build up as iron sulphide at the scale/metal interface, whereas 
sulphur dioxide did not diffuse through the scale and build up at 
the scale/metal interface. 

The authors would agree that the technique which Mr. Whiteley 
had developed and described in his paper on “ An Effect of Oxygen 
and Sulphur on Iron in Scaling ” + would be of assistance in the 
further study of their subject. 

The authors had assumed that at 1000° C. the solubility of 
sulphur in steel was small and/or its rate of diffusion was very low, 
on the following evidence: Steel specimens on which had been 
produced a scale containing quantities of the oxide-sulphide material 
at the scale/metal interface, were descaled in an electrolytic pickling 
bath. This pickling operation did not remove the surface layers 
of steel, and when the latter were examined no appreciable increase 
in the sulphur content was found, despite the fact that iron sulphide 
had been in contact with this steel surface at 1000° C. during the 
scaling period. 

1 Journal of the Iron and Steel Institute, 1935, No. I., p. 181 








strs 
resi 
cha 


spe 
bec 
but 








ALLOY STEELS RESEARCH COMMITTEE.—COMMITTEE’S REPLY. 589P 


The authors had already indicated that in their opinion the high 
rate of scale formation found with the rimming steel at 650° C. was 
probably due to its low silicon content and not its low carbon 
content, as stated on p. 56 of the present Report. On that page 
the word “ not” has Set omitted from the first sentence of the 
second paragraph, which should read “... the higher rate of 
oxidation of the rimming steel cannot be attributed to its low 
carbon content.” : 

The authors would also like to draw attention to an error in 
Table IX. The second figure in the fourth column should be 
“0-045 ” instead of “0-025” and the corresponding value in the 
fifth column should be “ 2 times ” instead of “ 34 times.” 


Section IV. 
(Electron-Diffraction Study of Oxide Films.) 


In reply the AutHoRs wrote thanking Mr. Winterbottom for 
his remarks and suggestions. As Mr. Winterbottom had pointed 
out, useful applications of advances in physical technique frequently 
lagged considerably behind their discovery, and this was particularly 
true of electron diffraction. Although the technique of electron 
diffraction was well developed, few attempts had been made to 
apply it to a systematic study of those practical surface-structure 
problems which were immediately open to investigation. In the 
present work a new technique had had to be developed, because it 
was found that only by examination at the temperature of formation 
could the characteristic oxide structure be determined, but never- 
theless there were many problems that could be studied with the 
ordinary technique and for which electron diffraction was the only 
direct method available. 

The authors had considered the possibility of the reduction of 
the surface oxide in hydrogen and were grateful to Mr. Winterbottom 
for the methods of preparing hydrogen of the requisite purity. 
In practical problems, however, it would be impossible to eliminate 
the initial air-formed film, and in addition it was by no means 
certain that the reduced oxide would form an integral part of the 
massive specimen. Thus, if a copper specimen was oxidised by 
heating to about 700° C. and plunged while hot into an atmosphere 
of methyl alcohol, the oxide was reduced, but the resultant copper 
formed a thin layer which could easily be stripped from the sub- 
strate. If a similar phenomenon occurred with iron, misleading 
results might be obtained, because they would, to some extent, be 
characteristic of iron in the form of a thin film. 

Mr. Winterbottom’s experiences with a resistance furnace were 
in keeping with the authors’ at low temperatures. At the high 
specimen temperatures required, however, the temperature gradient 
became greater, and the limit was imposed not by the winding 
but by the heat-resisting steel. With the arc method of heating, 
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the heat could be concentrated at the end of the tube and higher 
specimen temperatures were therefore possible. Although the arc 
method appeared at first sight to be somewhat crude, in practice, 
owing to the design of the furnace tube, it was highly satisfactory. 
The temperature control was much better than would be expected 
and extended to quite low temperatures. 

In conclusion they wished to express their appreciation to Dr. 
Desch and Mr. Preston for a most useful private discussion which 
they had when the paper was in the proof stage. 


Section VII. 
(Influence of High-Frequency Electric Currents on Steels.) 


In reply the AuTHoRS wrote that they were grateful to those 
who had taken part in the discussion. Dr. Main had complained 
that the paper was a “cold, legal kind of document,” but the 
authors felt that the subject was one for which it was necessary 
to state exactly the experimental conditions and to refrain from 
speculation in the absence of positive results. 

All three contributors had referred to the effect of high-frequency 
oscillations upon the speed of nitriding, and the authors were not 
in the least surprised that in this case positive results had been 
obtained and confirmed. The nitriding process depended for its 
success upon the presence of active nitrogen in the gas stream, 
and it was significant that a standard method of producing active 
nitrogen was to excite a stream of cylinder nitrogen at low pressure 
by means of a high-frequency discharge. Bearing this in mind, 
it was only reasonable to expect that a high-frequency current 
would have some effect upon the formation and “ life”’ of active 
nitrogen in the stream of cracked ammonia. They contended, 
therefore, that the increase in the rate of nitriding was to be 
attributed to the effect of high-frequency oscillations not upon the 
solid steel but upon the nitriding agent. It would be interesting 
to know if nitriding occurred when high-frequency oscillations 
were used in conjunction with ordinary nitrogen, possibly at low 
pressures. 

In carburisation there was no question of activation of the carbon 
monoxide, and therefore, if any effect had been produced by high- 
frequency oscillations, it could reasonably have been attributed 
to the influence of the high-frequency current upon the solid 
steel. 

At the outset of this work the authors had held the view ex- 
pressed by Dr. Main, namely, that it was possible that high-frequency 
oscillations might accelerate a change which was already taking 
place, but exceedingly improbable that they could initiate any 
such change. The experiments carried out had been chosen to 
test this hypothesis, and, from the results, they were now convinced 
that if high-frequency oscillations could exert any influence upon 
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solid steel, then the experimental conditions would be exceedingly 
critical and it might well be that an effect could only be observed 
by chance. 

As Dr. Main had said, the best chance was to be expected from 
oscillations if the object operated on was in tune with them, but the 
difficulty was to find out what the object really was and also its 
characteristic frequency. In the absence of positive results, one 
could only speculate as to the nature of possible fundamental 
oscillations in steel which might be affected by superimposed high- 
frequency oscillations. In the first place there were those electrons 
which could be regarded as tied to the nucleus. These electrons 
had oscillations corresponding to the characteristic radiations 
emitted by the suitably excited atoms, that was to say, the oscilla- 
tion frequencies would cover the range of visible, ultra-violet and 
X-ray radiations. In addition there were the so-called conduction 
electrons which were free to move through the lattice, but these 
readily responded to superimposed oscillations of any frequency, 
and it was this response which indirectly caused the heating effect 
of an electric current. Finally, the atoms themselves oscillated 
about their mean position on the space lattice with an amplitude 
and frequency which were determined by the temperature. An 
increase in the energy of these oscillations would merely increase 
the energy of the corresponding atoms, that was, would increase 
the temperature. It was not possible to consider a single molecule 
in the crystal lattice of a metal or alloy, and therefore the foregoing 
alternatives would appear to exhaust the possibilities. On this 
assumption, and in the absence of any at present unknown effect, 
the result of applying an oscillation of suitable frequency to solid 
steel would be either to raise its temperature or to eject photo- 
electrons. Indeed, the authors saw no reason for believing that 
high-frequency electric currents could have any effect upon solid 
steel other than the simple one of heating. Dr. Swinden had stated 
that he thought further work was justified, but in view of the absence 
of any theoretical support for the suggestion that high-frequency 
currents might exert a beneficial influence upon solid steel, and 
since the electromagnetic spectrum covered such an extremely 
wide range of frequencies, the authors felt compelled to disagree 
with him. In their view, however, further work should be carried 
out concerning the effect of high-frequency oscillations upon such 
processes as nitriding, where positive results had been observed for 
which a simple theoretical explanation was readily forthcoming. 

Dr. O’Neill had commented upon Fig. 94 and suggested that it 
showed that ageing of a quenched steel proceeded in a fluctuating 
manner. The drop of 42 points of Vickers hardness corresponded to a 
change in average ocular reading of 6 points. On the other hand, the 
variation among individual readings taken at the same time in 
approximately the same position on the specimen was considerably 
more than this, and therefore the apparently fluctuating nature of 
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the curve was to be attributed to the difficulty of uniformly quench- 
ing this particular type of specimen. 


Section VIII. 
(A, Point of Iron-Cobalt and Other Alloys.) 


The AutTHoRs wished to express their appreciation to Dr. Jay 
for the additional data which he had brought forward in support 
of some of their conclusions, and for the helpful and stimulating 
ideas which he had advanced in explanation of the experimental 
results. 

Though the authors did not consider that the merits and de- 
merits of the Goldschmidt values for atomic sizes affected the main 
conclusions of the paper, namely, the abnormal increase of lattice 
parameters on the introduction of small amounts of alloying elements 
and its influence upon the A, point, they felt that the alternative 
explanation was not without its difficulties. 

Dr. Jay’s argument appeared to consist of the assumption 
that, provided that only small amounts of an alloying metal were 
introduced into the lattice, the interatomic distances between 
these atoms and their neighbours were governed by those of the 
alloying element in its own lattice, and that only when the number 
of alloying atoms was sufficiently great for them to come within 
each other’s sphere of influence were their interatomic distances 
modified by the parent lattice. 

The authors had great difficulty in accepting this explanation 
of the experimental facts, since Dr. Jay’s arguments seemed to be 
applied the wrong way round. 

On adding alloying atoms, these certainly played their part 
in the parent lattice, in so far as occupying lattice positions and 
contributing to the electrical stability of the lattice were concerned ; 
but, owing to their being removed from each other’s sphere of 
influence, they were not constrained to take up definite positions 
on the lattice. An interatomic distance also involved two atoms, 
and when an alloying atom was completely surrounded by atoms 
of the parent lattice, it was unlikely that the single alloy atom 
would impose its own interatomic distance on the neighbouring 
atoms. When sufficient alloy atoms were present and made the 
ordered arrangement more stable, the probability of these atoms 
being able to impose their own interatomic distances on the lattice 
seemed greater. This was the reverse of Dr. Jay’s argument, and 
for this reason the authors queried his first and second assumptions ; 
but they were in agreement with the idea that the addition of small 
amounts of an alloying element produced a large disturbance in 
the lattice. 

In applying the authors’ arguments to the effect upon the A; 
point, it must be pointed out that those elements which closed the 
y loop very abruptly must only be included with reserve. This 
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referred particularly to the Fe-Si system, where it was impossible 
at the present time to determine the shape of the loop with sufficient 
accuracy to decide whether there was any downward tendency of 
the A, point. 

The authors’ arguments, in fact, should only be applied at the 
present time to those binary systems which consisted of not very 
dissimilar elements, and for this reason they agreed with Dr. Jay’s 
remarks with respect to the Fe—Al system. 


Section IX. Parts 2 to 4. 
(Thermal and Physical Properties of Certain Steels.) 


Dr. C. H. M. Jenxays, in reply to the discussion on Part 2, 
wished to thank the contributors for their remarks and the Chair- 
man and various members of Sub-Committee A for their earlier 
discussions of the subject during the Committee stage. 

Mr. Russell, Dr. Jones and Dr. Sykes had been keenly interested 
in the interpretation of the curves, particularly of steel No. 10, and 
their efforts had led them to contribute two papers at this Meeting 
on this subject.1 At the outset he would remark that several of 
the steels needed a considerable amount of further work, and if 
these contributors were able to obtain information on steel No. 12 
of a similar character to that for steel No. 10, the present authors 
might perhaps be enabled at some future date to put forward a 
reason for the marked change in behaviour of a nickel-chromium 
steel on the addition of a few tenths of one per cent. of molybdenum. 
It was generally considered that an addition of molybdenum 
slowed down the transformations, but at 410° C. the breakdown 
of the austenitic solid solution rapidly occurred. So far no ex- 
planation was forthcoming which was in itself free from objec- 
tion, but at this stage the subject passed out of immediate interest 
to the papers at this Meeting. 

The realisation of the difficulty of interpretation of any form of 
heating or cooling curve was not new, and Section IX. did not 
purport to include an interpretation. Earlier work was, however, 
of interest; Dr. W. Rosenhain? pointed out many of the likely 
pitfalls, and many authors of reference works had laid stress on this 
matter. To treat the matter mathematically involved the use of 
many assumptions which, although quite of likely application, were 
not equally appropriate to different classes of steels or to the various 
changes in one steel. The conditions of experiment and the nature 
of the changes taking place at those points should be taken into 
consideration. An exact interpretation required knowledge of the 
true specific and latent heats and of the effect of the rate of heating 
or cooling on the proportion of the true specific and latent heats 
absorbed or liberated. 


1 This Journal, pp. 147 and 537p. 
2 “Observations on Recalescence Curves,” National Physical Laboratory 
Collected Researches, 1909, vol. 5, pp. 59-81. 
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Confining the subsequent discussion on steels Nos. 10 and 12 
to cooling curves, it was recognised that the latent heat of a trans- 
formation was in itself a difficult matter to determine, particularly 
as industrial steels were complex alloys containing four or five 
constituent elements. With this difficulty in mind, he feared that 
the use of the term “ specific heat ” by Dr. Jones and Dr. Sykes 
was unfortunate, for the heat evolved in some of their curves for 
the range between 475° and 375° C. was undoubtedly largely latent 
heat. This latent heat was not a simple quantity but was the total 
set up by two or more reactions not necessarily proceeding simultane- 
ously even in a plain carbon steel, and probably less likely to do 
so in an alloy steel. These reactions were (1) the transformation 
of y- into «-iron at the equilibrium temperature of the change; 
| (2) the precipitation of carbide from either the y or the « state. 
The latent heat was different in the two cases, and the question 
whether the separation of carbide took place from y or « (or both) 
depended on the temperature, rate of cooling and degree of inocula- 
tion; (3) a further appreciably large source of latent heat in an 
undercooled specimen (such as at 450° C. in steel No. 12) was given 
by the suppressed change from y- to «-iron. This might be con- 
sidered by prolonging the curves already published for the y and 
a ranges in Figs. 153 to 160 of the paper by Mr. Awbery (Section IX., 
Part 3 (1)) relating to carbon steels. 

The above reactions did not necessarily proceed simultaneously 
and the twin peak in Fig. 3(a) of Dr. Jones and Dr. Sykes’ paper‘ 
was of great interest. At the rates of cooling shown, progressively 
slower in curves (c), (b) and (a), a greater amount of heat was 
evolved at the lower temperature and the curve suggested that the 
rates at which the various reactions progressed had different tem- 
peratures for their maximum values. This was by no means a 
new suggestion, as the basis of any general explanation of the 
phenomena of the hardening of steel implied variations in the rates 
at which the various reactions proceeded. 

Dr. Allen had put forward a helpful example on the effect of 
molybdenum on the rate at which ferrite separated from austenite. 
It should be noticed, however, that ferrite formation could be 
slowed down in a steel of the type of No. 10 by increasing the nickel, 
chromium and carbon contents. This resulted in an almost com- 
plete suppression of changes in the inverse-rate curves taken to 
260° C. An addition of molybdenum, however, slowed down the 
transformation above 450° C. but at lower temperatures set up 
a marked thermal arrest. 

Mr. Jones had pointed out a reference in the previous literature 
to the existence of two A, arrests in steel No. 2 and the three repeat 
steels described in the paper. Harrington and Wood,” in their 


1 This Journal, p. 541p. : 
2 R. H. Harrington and W. P. Wood, Transactions of the American Society 
for Steel Treating, 1930, vol. 18, pp. 632-672. 
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work on the critical ranges in pure iron-carbon alloys, recorded 
that the heating and cooling curves of many steels and irons had 
shown two points at the commonly termed A, point. 


Dr. E. Grirritas, in reply to Dr. Sykes’ comments on Part 3, 
wrote that the phrase “galvanometer of special design’ was 
intended to imply that the galvanometer was not an ordinary 
differential galvanometer where the opposing currents circulated 
in a single circuit. In the galvanometer used in this investigation 
the two currents circulated in separate windings insulated from each 
other. 

As regarded the addition of curves to show the details of the 
specific-heat measurements in the range 100-450° C., the authors 
considered that the gain would be so slight that it would not be 
justified. The increase in specific heat to which they referred in 
the neighbourhood of 150—200° C. was clearly visible in the curves 
as drawn, and a larger scale would imply an accuracy greater than 
that actually reached. 

The authors agreed that it would be of interest to have a more 
detailed investigation of the coefficients of expansion in the range 
100-200° C. This would involve modifications in the apparatus, 
which had been designed for high-temperature measurements. 


Section XI. 
(Corrosion-Fatigue.) 


Dr. Goutp and Dr. Evans thanked Mr. Winterbottom and Dr. 
Hudson for their comments, which would be kept in mind during 
the prosecution of the work. They agreed with Mr. Winterbottom 
in thinking that his proposed study of the fluctuation of potential 
during rapid cyclic stressing would be of interest and would in no 
way duplicate their own research; the measurement of rapidly 
fluctuating potential did, of course, introduce a number of electrical 
and electrochemical problems which would need careful consideration 
if accuracy was to be obtained. 

Dr. Hudson’s suggestion that the effect of an iron tape should 
be compared with that of a zinc tape was most helpful and would 
be adopted; the authors would communicate the results to Dr. 
Hudson, but for the moment they did not anticipate that the iron 
tape would defer breakdown. It was hoped to study galvanised 
wires later, but the fact that galvanising could not be applied in the 
field put that process in a rather different category from the use 
of zinc tape which it was hoped to develop. The effect of galvanising 
a of course, already been studied by Professor Haigh and Dr. 

utton. 
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Sections XII. and XIII. 
(Intermediate Transformation in Alloy Steels.) 


Dr. ALLEN, replying to the discussion, thanked Dr. Desch for 
his very kind remarks and Mr. Russell for his helpful criticism. 
The question of the form of the carbide in the intermediate product 
was most interesting and it was a matter on which the authors 
felt that they had not a final answer. They were fairly confident 
that at the high temperatures some, at any rate, of the carbide 
came out of solution. At lower temperatures there were indications 
that a certain amount of the carbide remained in solid solution, 
but it was very difficult to be certain of what was happening in 
the last stages of transformation. The authors had in mind some 
X-ray work on the subject and hoped that possibly they might 
have more information in the future. 

Dr. Desch referred to truly acicular and non-acicular structures. 
It ought to be mentioned that the appearance of the intermediate 
product varied a good deal according to the quantity of the product 
which was present. If there was a small quantity it presented 
very sharp outlines; if there was a large quantity present the 
outlines were less distinct. 

He agreed that the method of describing the results was not 
quite as simple as the method of Davenport and Bain, but the 
phenomena which the authors were describing were more com- 
plicated, and Davenport and Bain’s method, he felt sure, would 
break down as soon as it was necessary to describe two reactions 
going on together in a steel at the same temperature. Fig. 260 
gave a means of describing such simultaneous reactions. The 
present method had also the advantage that it could more easily 
be expressed numerically. 

Mr. Russell had referred to the work of Dartrey Lewis. He 
a that this was amongst the earliest to indicate the possibilities 
of the method of quenching in hot baths and to show that, provided 
that the rate of cooling through the Ar’ region was sufficiently rapid, 
austenite transformed but slowly in carbon steels at temperatures 
around 230° C. This had, of course, already been well recognised 
in the case of alloy steels, where the presence of the alloying elements 
made quenching through the Ar’ range unnecessary. 

The agreement between Mr. Russell’s conclusions and their own 
was most gratifying. 

The authors chose the dilatometric method for two main reasons. 
In the first place, magnetic methods never allowed one to get 
quite as high rates of cooling as were obtainable with dilatometric 
methods, and the authors were interested in getting the highest 
possible rates of cooling. Secondly, magnetic methods presented, 
in their quantitative interpretation, certain difficulties associated 
with possible variations in the Curie point. 

The effect of the rate of cooling between the maximum tem- 
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perature and the temperature at which the decomposition took 
place was very important, and recent German and Russian work 
showed that, according to the amount of time spent in the inter- 
vening region, the results at the isothermal transformation tem- 
perature could vary to a remarkable extent. Mr. Russell was quite 
right in drawing attention to that very important fact. 

Mr. Russell also referred to the effect of the surrounding medium, 
a matter which was dealt with very fully in Tammann’s classical 
work. In some cases the rate of reaction was governed entirely 
by the rate at which heat was abstracted, as was the case when 
water froze at 0° C. In other cases (when the rate of abstraction 
of heat was sufficient) the rate of reaction was governed by the 
maximum velocity of the reaction. 

The authors (in further reply to the discussion) wrote that 
the rate of abstraction of heat governed the process when the 
reaction velocity was so great that latent heat was evolved faster 
than it could be conducted away from the surface of the growing 
crystals. Under these conditions the temperature at the interface 
rose until a temperature was reached at which the reaction velocity 
balanced the rate of abstraction of heat. On account of the high 
thermal conductivity of steel, the reaction velocity must be very 
high before the heat flow became the dominant factor. For 
example, in a l-in. dia. bar the change must be complete within 
one minute. Although Mr. Russell did not give enough data to 
permit of exact calculations, it seemed improbable that the heat 
flow had governed the rate of decomposition in the example which 
he quoted. 

The authors, in reply to the written discussion, thanked Dr. 
O’Neill for his interesting contribution. On p. 346, however, they 
said that Davenport and Bain were the first to offer an experimental 
demonstration of the cause of the sudden drop of the change point 
in plain carbon steels from the Ar’ temperature to the temperature 
at which martensite formed, and not that they were the first to 
employ hot quenching baths. Honda and Tamaru appeared to 
have misinterpreted their results, and consequently no theoretical 
advance followed their work. Their improved impact values were 
obtained at the expense of hardness and strength. When the 
water-quenched steel was tempered to the same tensile strength 
as the corresponding steel quenched in the hot bath, the water- 
quenched steel proved to have the higher impact value. 

It was very probable that the variations of impact value found 
by Dr. O’Neill in the manganese-molybdenum steels were bound 
up with differences of structure in the quenched condition, but 
examination of his Figs. 5 and 6 did not indicate that they could 
be explained in terms of the existence, in the quenched state, of 
varying proportions of intermediate product and martensite. 

These steels were probably never martensitic. The brittle 
structure shown in his Fig. 6 was formed around 550° C. in steels 








598 P ALLOY STEELS RESEARCH COMMITTEE.—REPLY. 


in which the pearlitic transformation was sufficiently slow to be 
readily suppressed, and in which the intermediate change was at 
the same time rapid. The structure in Fig. 5 was formed at a 
somewhat higher temperature, when the pearlitic change was rather 
more rapid. It seemed likely that Dr. O’Neill’s original explanation 
was correct. Local segregation of molybdenum reduced the speed 
of the pearlitic change so far as to produce the undesired type of 
structure shown in Fig. 6, without giving sufficient hardening 
capacity to render the steel truly martensitic. 
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EIGHTH REPORT ON THE HETEROGENEITY 
OF STEEL INGOTS. 


By A JOINT COMMITTEE orf tHE [RON AND STEEL INSTITUTE AND THE 
British IRON AND STEEL FEDERATION. 


This Report is published as Special Report No. 25; it was 
presented at the Annual General Meeting of the Iron and Steel 
Institute held in London on May 3, 1939. The discussion, corre- 
spondence and authors’ replies follow the summary below. 


SUMMARY. 


THE present Report marks the position reached after nearly 
fifteen years’ intensive study of steelmaking problems. It contains 
nine Sections, of which the first is introductory in character. 

In Section II., H. T. Protheroe, R. T. Percival and A. J. Mac- 
Dougall give an account of experiments undertaken to confirm the 
hypothesis put forward some years ago by one of the authors that 
segregation in steel may occur whilst the metal is in the molten 
condition. 

In Section III., by G. E. A. Bramley, W. R. Maddocks and 
G. Tateson, the authors give a detailed description of their oxygen 
determinations on a series of bath samples from an acid open-hearth 
furnace. This investigation provides a very full picture of the 
changes which take place in the slag and metal during the working 
of a typical open-hearth heat. 

In Section IV., C. H. Desch discusses briefly the 8 region in carbon 
steels with particular reference to the work of Adcock. 

Section V. contains the results of a study by W. H. Hatfield of an 
ingot of nickel-chromium-molybdenum-vanadium steel. The study 
demonstrates the high degree of homogeneity obtainable in small 
ingots under modern production conditions. 

Section VI., taking up nearly 200 pages of the Report, constitutes 
the Second Report of the Oxygen Sub-Committee and is divided 
into eleven Parts, the first of which is a brief introduction giving the 
present constitution of the Sub-Committee and outlining the scheme 
of the Report. Part 2 is in four sub-sections, 2a, 2B, 2c and 2D. 
In sub-section 24, H. A. Sloman describes the improvements made 
in the operation of the vacuum-fusion equipment at the National 
Physical Laboratory and shows that the method is capable of giving 
accurate estimations of nitrogen and hydrogen as well as of oxygen 
in steels. In sub-section 2B, T. Swinden, W. W. Stevenson and 
G. E. Speight give an account of the development of the fractional 
vacuum-fusion method for the separation of oxides and gases in 
steel. This is followed by a description, in sub-section 2c, of the 
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carbon-spiral vacuum-fusion furnace used at Sheffield University 
and its application for determining the oxygen in steel; this part 
is by G. E. A. Bramley and T. Raine. In sub-section 2p, by W. C. 
Newell, the author describes the carbon-spiral furnace used at the 
Brown-Firth Research Laboratories and its mode of operation. 
In Part 3, N. Gray and M. C. Sanders describe a gravimetric method 
for the determination of the total oxygen in plain carbon and certain 
alloy steels in which the steel is first alloyed with aluminium. 
Parts 4 and 5 deal with methods of determining non-metallic in- 
clusions; in the former, E. W. Colbeck, S. W. Craven and W. 
Murray describe the chlorine method and its application to plain 
carbon steels, alloy steels and pig and cast iron; in the latter, E. 
Taylor-Austin describes the application of a modified aqueous iodine 
method for determining non-metallic inclusions in pig and cast iron. 
Part 6 is divided into two sub-sections ; the first comprises an account 
by T. E. Rooney, of some improvements in the alcoholic iodine 
method and apparatus for the separation of oxides in steel in which 
he describes a “ boiling ’’ method and a “ percolation” method. 
In the second, E. Taylor-Austin describes some attempts to separate 
the non-metallic inclusions from a series of pig-iron samples by the 
alcoholic iodine method with particular reference to the interference 
caused by the presence of phosphorus in the residues. Non-metallic 
residues are dealt with in the four papers which comprise Part 7. 
In the first of these, E. W. Colbeck, S. W. Craven and W. Murray 
compare the different analytical procedures adopted in the analysis 
of non-metallic residues from steels when using the iodine and 
the chlorine methods. In the second, the same three authors 
describe briefly the determination of phosphorus and of chromium 
in chlorine residues. In the third, W. W. Stevenson describes three 
methods of analysing non-metallic residues obtained by the alcoholic 
iodine method. A. H. Jay and W. W. Stevenson, in the fourth 
paper, study some low-carbon steelsin which specific types of non- 
metallic inclusions have been formed in preponderating amount, and 
they present an account of their X-ray examination of non-ignited 
residues obtained from these steels by the alcoholic iodine method. 
In Part 8, details are given of the manufacture, preparation and 
analyses of the materials which have been the subject of examina- 
tion by the Oxygen Sub-Committee. Part 9 comprises tables 
showing the analytical results obtained on the materials examined 
by this Sub-Committee. In Part 10, the work in hand and future 
programme of research are discussed. An Appendix, by W. W. 
Stevenson and G. E. Speight, in which they present data respecting 
the oxygen content of a series of irons and steels examined by the 
Corrosion Committee of the Iron and Steel Institute, concludes 
this Section. 

Pyrometry forms the subject of Section VII., which formed 
the Second Report of the Liquid Steel Temperature Sub-Committee. 
In it a brief general review of this Sub-Committee’s work is presented 
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and reasons are given for selecting the ‘‘ quick-immersion ” platinum 
thermocouple method as being the most practical for measuring the 
temperature of molten steel. The remainder of this Section is 
taken up by a report by F. H. Schofield and A. Grace on a “ quick- 
immersion” thermocouple for measuring the temperature of liquid 
steel both before and after being tapped; the authors describe 
not only the development of the method but also subsequent 
experience of its use by members of the Sub-Committee. An 
Appendix to this section contains a list of the more important 
materials for the construction of the “‘ quick-immersion ” thermo- 
couple. 

Section VIII. constitutes the Second Report of the Ingot 
Moulds Sub-Committee, a Joint Sub-Committee of the Heterogeneity 
of Steel Ingots and Open-Hearth Committees. The report deals 
principally with premature failure by cracking of the mould wall, 
as distinct from cracks which develop through disintegration of the 
working face; it also deals with the more fundamental aspects 
of the work, both completed and in prospect, by the Sub-Committee 
on the subject of cracking. 

Section IX., which concludes the Report, comprises the report 
of the Inclusions Count Sub-Committee which was formed in order 
that a systematic study might be made of quantitative microscopic 
methods for evaluating the “ cleanness” of steel. In this Report 
the value and reproducibility of results obtained by different 
methods of counting are examined and discussed. An Appendix 
contains a series of nineteen abstracts which collectively portray 
the history of the attempt to count and evaluate inclusions in iron 
and steel. 

Abstracts of the papers constituting this Report will be found 
under the appropriate headings in Section II. of this Journal. 





DISCUSSION. 
(Fig. A = Plate XXXI.) 


Section II. 
(Segregation in Steel.) 


Principal C. A. Epwarps, F.R.S. (Swansea), complimented the 
authors on the way in which they had endeavoured to draw special 
attention to some of the difficulties which everyone must experience 
when studying a problem of such a complicated character as that 
of the distribution of the elements in solidified ingots. He greatly 
admired their fearlessness in refusing to be dominated by what 
many people might regard as the fundamental principles which 
governed the changes of composition during freezing. He thought 
that the views they put forward and the tentative suggestions they 
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advanced must be considered in the same spirit which they had 
adopted, and any observations he might make should not be taken 
as criticism of the authors’ views so much as a defence of what he 
would describe as the more orthodox position. 

Quite frankly, he found no more difficulty in adhering to the older 
theoretical conceptions than he would if he were induced to adopt 
the explanations tentatively put forward by the authors. He was 
quite prepared to accept the various special facts they mentioned, 
but he did not feel that those facts demanded any change in previous 
beliefs. He was ready to agree that it was quite possible for a 
column of liquid steel when kept quiescent for a long time to develop 
a concentration gradient from one end to the other, but he did not 
think that there was any evidence previously known or submitted 
by the authors which indicated that two distinct immiscible liquid 
layers were produced when the liquid steel lay in a ladle or any 
other vessel for a prolonged time. He was quite satisfied that the 
evidence contained in the paper, and which the authors considered 
supported their view, could be satisfactorily explained without 
departing from the well-known theoretical considerations. He 
proposed to refer to that later. 

Dealing with the paper itself, he was rather sorry that the authors 
found it necessary to include the last half of the second paragraph 
on the first page. For example, he did not think anyone would 
seriously suggest that the columnar crystals literally pushed the 
impurities towards the centre of the ingot. If the authors had 
heard or read any statements of that kind, he considered that 
they should be taken rather in the form of a figure of speech, and 
not literally. It was well known that the columnar crystals in 
relation to their original nuclei remained stationary; they simply 
grew by deposition. 

With regard to the last paragraph on the first page, it was well 
known, of course, that steel contracted on solidification, but in 
discussing a problem of the kind in question he considered that it 
was very necessary to point out that in effect and under the widely 
varying conditions of steelmaking and the state in which the steel 
was in the finished condition it might not contract during solidifica- 
tion. From the point of view of the authors there might be an 
expansion. In any case, it was rather misleading to suggest that 
the only means whereby segregation could occur as a result of 
selective freezing was via the squeezing out of material from inside 
the dendritic cages. He knew that the authors did not believe 
this, but they seemed to imply by their observations in that con- 
nection that other people did, and personally he did not think that 
that was correct. 

It was necessary to recognise that selective freezing and diffusion 
proceeded simultaneously; in other words, with each crop of 
relatively pure crystals the mother liquor from which they had grown 
became richer in impurities, and so long as the concentrated impuri- 
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ties in that film of liquid were in contact with the main body of the 
liquid within the ingot, diffusion caused them to be distributed 
through the residual liquid. It was in that way that the process 
of major segregation developed. 

He thought there would be general agreement that so far as 
there was some liquid entrapped in the dendritic cages, that par- 
ticular portion might not—and indeed under certain conditions 
could not—make any contribution towards major segregation; 
but it would be quite wrong to assume that a liquid from which the 
dendrites were deposited all became entrapped in the dendritic cages. 

It was difficult to discuss the paper adequately in the time 
available, and it was therefore necessary for him to confine his re- 
marks to certain points. He would try to summarise his views, 
and would ask the authors to remember that there was a great 
deal more to be said than he could find time for that morning. 
Broadly speaking, the authors were, he thought, emphasising the 
fact that if a position was taken which might be described as about 
one-third of the way from the top of the ingot, there was a progressive 
concentration of the impurities as one passed from the edge inwards 
and then a diminution, and they also pointed out in their second 
set of figures that the impurities increased as one passed from the 
bottom upwards. Broadly speaking, this kind of change in the 
concentration of impurities was really just what would be antici- 
pated from considerations of selective freezing. They found 
difficulty in accepting the old views to explain those facts, but he 
would suggest that they would find themselves in precisely the same 
position by using the theory they advanced. He was not suggesting 
that there were no difficulties and that the problem was easy to under- 
stand, but if a liquid separated out into two immiscible liquids, 
the upper one containing an increased concentration of impurities, 
then surely the upper portion of the ingot should contain much 
more of the impurities than it did. 

He knew that the authors would recognise that he had no wish 
to discuss the problem unfairly. Probably there was a natural 
tendency to cling to old ideas, but he did not wish the authors or 
anyone else to throw away old conceptions until it was found that 
they were really useless. He would therefore try in a very few words 
to indicate what he thought needed to be considered in much greater 
detail than the authors appeared to have done. 

First of all, if one had a pure steel—by which he meant a steel 
which had been completely killed and contained no gas at all— 
this would give an ingot with a deep-seated pipe cavity with a 
thin crust at the top. Naturally under these conditions the last 
liquid to freeze would be located at the base of that pipe cavity. 
It was well known, however, that the position of the base of the pipe 
cavity changed with the conditions when teeming the steel—the 
temperature of the steel, the temperature of the mould and the rate 
of teeming. All those factors affected the question, but the last 
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liquid to solidify would be at the base of the pipe. If, on the other 
hand, the steel was in a state which gave a solid ingot, 7.e., with no 
pipe cavity, naturally the point of maximum concentration of the 
segregates was controlled by other principles. If no pipe cavity 
was being formed it meant that there was no effective contraction 
during solidification, or the natural tendency for the metal to contract 
during solidification was overcome by the liberation of gas. That 
being the case, solidification proceeded from all round the outer 
surfaces of the original ingot, 1.¢., at the top, as well as at the sides 
and the bottom. Under these conditions the liquid was in constant 
contact with the top crust; hence this top crust could continue to 
grow in the same way by selective freezing, at the base or the sides, 
and therefore there must necessarily be an increase in the amount 
of segregation on passing upwards and then a diminution on approach- 
ing the top of the ingot. 

He was merely putting these views forward in defence of the old 
ideas; he was not exactly criticising the new ideas which the 
authors had introduced. He thought it was useful to be frequently 
asked whether what we thought was really correct or not. He could 
quite understand that the authors found some difficulty in under- 
standing Fig. 4, and they had been good enough to allow him to 
see some other illustrations which provided the same kind of evi- 
dence as that contained in Fig. 4. 

Personally, however, he did not think that the sulphur print 
given in Fig. 4 was very difficult to understand. It was only 
necessary to look at the print to recognise that there had been 
in effect no contraction during solidification ; otherwise there would 
have been a pipe. It was unnecessary to consider that the concen- 
trated segregate at the top of the ingot was due to a special liquid 
phase. Why had there been no contraction? He believed that 
there had been no contraction simply because, if he understood the 
authors correctly, those ingots had been prepared by melting in an 
atmosphere of hydrogen, and the liquid metal had become completely 
saturated with that gas. Hence on solidifying there had been a 
tendency for hydrogen to be liberated—otherwise there must be a pipe 
in the ingot—and, as solidification had proceeded, the internal 
pressure due to the liberation of the gas had been sufficient to squeeze 
out in a liquid form the concentrated impurities lying between the 
interstices of the dendrites within the ingot. That was not a very 
remarkable suggestion to put forward, and he hoped the authors 
would consider it fairly, because it was in conformity with facts 
which could be seen every day in the casting of metals. 

He greatly appreciated the fact that the authors had boldly come 
forward to criticise old-fashioned ideas and thereby stimulated one 
to re-examine our theoretical conceptions. 


Mr. T. F. Russext (Sheffield) remarked that many years ago the 
word “ liquation”’ was in common use for describing segregation 
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in ingots. It would seem that the authors’ work was likely to bring 
that word back into use again. 

A very satisfactory part of the paper was the last paragraph, 
in which it was stated that the authors proposed to continue the work. 
For his own part, he sincerely hoped that they would do so, because 
the more that was known about segregation the better the chance of 
preventing it. He hoped, however, that when they continued their 
work they would give due and careful consideration to certain points 
which he would like to bring forward, because he was not at all 
satisfied so far that they had arrived at the correct result. 

The conclusion might be summed up in the authors’ own words, 
where they said that major segregation was rather due to the 
formation of an immiscible liquid phase, iron, sulphur, phosphorus 
and probably carbon forming within the melt, and that this, being 
of lower density than the metal surrounding it, tended to rise 
towards the surface. If that was correct, and if holding the molten 
mass for ten to twelve hours was sufficient to separate those two 
liquids, this would have been more convincingly proved if the 
authors had then made efforts to cool the melt as rapidly as possible, 
to prevent further interaction between the two liquids during cooling. 
This was the recognised method for investigating conjugate solutions. 
He thought that attempts should also be made to make accurate 
measurements of the rate of cooling through the liquidus-solidus 
range. That was the only range of temperature which mattered 
in work of the kind in question. 

A further objection—a very mild one, but it required, he thought, 
careful consideration—to the conclusions drawn by the authors 
was that in no recorded instance, either in the present paper or in 
the one published in 1932, had the authors finished up with a steel 
which was in any way comparable with a commercial steel. It 
would be seen from the figures given on p. 7 that the finished ingot 
contained in one case only 0-11% of manganese, and in the other 
instances an amount of manganese which was definitely less than 
that required to combine with the sulphur in the top portion to 
form MnS. Some yellow sulphide of iron, FeS, must therefore have 
been present, but no commercial steel contained, or at any rate 
should contain, free FeS, and he was inclined to think that the 
authors had induced that excessive amount of segregation in such a 
small ingot by artificial methods, or at least by processes which 
could not operate in commercial steel ingots. 

The comparison of ingots which had been held for ten to twelve 
hours before solidification commenced with the ingot which had been 
allowed to cool immediately it had become molten, was, he would 
suggest, quite unsatisfactory from the point of view that, whereas 
the first two ingots contained free FeS, the last would be free from 
FeS. The behaviour of the first two ingots might be explained in 
the following manner: MnS was insoluble in either molten or solid 
Iron, but FeS, whilst being totally insoluble in solid iron, dissolved 
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in molten iron or in a molten plain carbon steel, and was also soluble 
in molten MnS; hence, in the molten condition the FeS would divide 
itself between the molten steel and the molten MnS according to 
the laws of partial solubilities. If that molten mass were held 
quiescent for several hours it was quite conceivable that there would 
be a tendency for the MnS complex to rise to the top; but, and 
particularly when the manganese percentage was low, there would 
still be a large proportion of the sulphur as FeS soluble in the molten 
steel. When the metal commenced to solidify, an iron-carbon 
alloy free from sulphur separated, and both the mother liquor 
and the MnS became more concentrated with FeS and the quantity 
of liquates increased as solidification proceeded. With very slow 
solidification, when the solid phase was heavier than the liquid 
phase, one would expect to find the liquates at the top, in exactly 
the same way as a slowly cooled hypoeutectic alloy was richer in 
eutectics at the top of the ingot than at the bottom. 

Phosphorus might be dealt with in a similar way but was perhaps 
a little more difficult. Pure iron would dissolve just below the 
solidus about 1-8% of phosphorus, but the extraordinary effect of 
other alloying elements, notably carbon, on the lower phosphorus 
solubility was well known. It was probable, too, that the phosphides 
of iron were also distributed between the mother liquor and the 
Fe-Mn-S complex, and behaved in a similar way to the sulphide. 

The point which he wanted to make was that the authors during 
the course of their experiments had converted two alloys which could 
be considered more or less as steels of commercial composition to 
alloys which were not of commercial composition, and hence any 
deductions from those experiments should be applied to commercial 
ingots with a maximum amount of reserve. 


Dr. E. Grecory (Rotherham) said that as a member of the Ingot 
Committee he had been naturally very much interested in the 
experimental work which Professor Andrew had been carrying out. 
At first he must confess that he was most sceptical with regard to 
the theory that major segregation in steel ingots might be due to the 
formation of an immiscible liquid rich in impurities. Professor 
Andrew’s theory, although not put in quite that way, really implied 
that molten steel was an emulsion composed of two liquid phases 
which separated into two distinct layers on prolonged standing. 
He would venture to suggest that the sharp line of demarcation 
at the top of the sulphur print shown in Fig. 4 afforded some evidence 
in support of that hypothesis, and if Professor Andrew was prepared 
to modify his theory and to consider liquid steel as a mixture of two 
partially miscible or conjugate liquid solutions, one of which was 
very much richer in impurities than the other, then personally he 
would be quite in agreement that that might be one of the causes 
of major segregation. If complete immiscibility was assumed, as 
Professor Andrew would suggest, it would be difficult to account for 
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PLATE XXXI,. 








(a) (b) (c) 

Fic, A.—Sulphur Prints of 9-in. Blooms rolled from 67-cwt. Ingots. (a) Cast 
with feeder head only. (b) Covered with anti-piping compound after 
casting. (c) After casting, covered with anti-piping compound and then 
after-teemed, 


(See Gregory’s contribution.) 


[Discussion on Eighth Ingot Report. 
(To face p. 606 P. 
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the minor segregation, which personally he regarded as unquestionably 
a consequence of differential freezing. 

Professor Andrew’s experiments had definitely shown that if 

steel was maintained in a molten condition for a sufficiently long 

riod of time, followed by slow cooling, the impurities tended to 
rise to the top of the ingot, and that was a conclusion which had 
been verified at his own works by a fairly extensive series of experi- 
ments. 

For a long time now at Park Gate they had been using the so- 
called ‘‘ antipiping ’’ compounds to decrease the extent of the primary 
pipe in killed steel ingots. Those compounds, which possessed both 
heat-generating and heat-insulating properties, were placed, as 
was well known, on the surface of the molten steel immediately 
after casting, and they had been developed with the main object 
of confining the pipe within the feeder head. That aspect of the 
matter had been considered in a paper by Matuscha presented to 
the Institute at the previous May meeting. The use of those anti- 
piping compounds had not been, as far as he knew, directly associated 
with major segregation, and in the following he would indicate some 
of the results obtained. 

Fig. A showed reproductions of sulphur prints of 9-in. blooms 
rolled from 67-cwt. ingots; the total length in each case represented 
20% of the original ingot. The segregates were, of course, indicated 
by the blotches on each of the sulphur prints. The one on the left 
was cast in the ordinary way, i.e., by using a feeder head only. 
The middle one was cast and the surface was then covered with 
the anti-piping compound, while the one on the right was covered 
with the anti-piping compound and then “ after-teemed,” 1.e., 
the ingot head was refilled with molten steel after several more ingots 
had been cast. It was clear that the segregated zone in the original 
ingot treated with the compound and after-teemed must have been 
very near the top of the ingot, and it was lowest in the one which 
was cast in the ordinary way. 

The average analysis of the material below the 20% discard 
was as follows : 


Carbon . ; ; - 0-155% 
Silicon . é ; - 0:1038% 
Sulphur : ; - 0:035% 
Phosphorus . i - 0:040% 
Manganese. : - 063 % 


It was therefore a steel of commercial composition. They decided 
to have analyses made at different parts of those sectioned blooms 
and these were indicated in Fig. B. If the figures for position A 
were examined, it would be found that there was a really staggering 
degree of segregation, and it would be noticed that it was most 
pronounced in the one on the right, the one which had been treated 
with anti-piping compound and after-teemed. Unlike the experi- 
ments of Professor Andrew, the manganese was always present in 
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Fic. B.—Analyses at Different Parts of the sectioned Diooms,. 
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commercial proportions and the carbon also segregated to a very 
marked degree. 

The examples shown were quite typical of a number of blooms 
which they had sectioned in that way, and they had always found that 
the segregated zone was considerably richer in manganese than the 
rest of the ingot. That did not imply that manganese was present 
in molten steel as manganese sulphide; indeed, if Mr. Whiteley’s 
theory were accepted—and personally he (Dr. Gregory) did accept 
it on thermo-chemical grounds—that sulphur existed mainly as iron 
sulphide in molten steel and was converted to manganese sulphide 
during cooling, it would seem that the major segregation of man- 
ganese and of sulphur might be entirely different and independent 
phenomena. 

He considered that the results obtained by his firm as well as 
those of Professor Andrew showed that it was an advantage to keep 
the steel in the feeder head in a molten condition for as long a time 
as possible to minimise not merely the extent of pipe but also to 
localise major segregation. These, unfortunately, were not the only 
factors to be considered in regard to the use of anti-piping compounds, 
and there were other effects which precluded their more general 
application to all qualities of killed steels. 


Dr. L. F. C. Nortracort (London) said that the authors had 
shown very well that in a series of steel ingots there was a tendency 
for the impurities, the sulphur and the phosphorus, to go to the top 
of the ingot. Heterogeneity of ingots, as he saw it, was the resultant 
of two factors; one of them was segregation due to differential 
solidification and the other was a specific-gravity segregation, 
but he was not specifying how that segregation arose. In his view, 
the authors were to be congratulated for trying to get down to the 
root of the matter in explaining segregation. The specific-gravity 
segregation on which they were now concentrating was one of the 
roots of the trouble, and, in spite of the fact that the experimental 
problems were very great indeed, they were persisting in their efforts, 
and he thought that the thanks of the Institute were due to them 
for trying to overcome the experimental difficulties. He was very 
pleased to see the first sentence in their last paragraph, in which 
they said that much more work was required to be done and that they 
proposed to do it, because he was still unconvinced of the need for 
an explanation based upon the two-liquid phase theory which 
the authors proposed. 

He looked at the authors’ theory from three different angles. 
The authors started off with a steel casting which they then melted. 
As he saw it—and he was certain the authors would agree—that 
steel was not homogeneous ; it consisted of areas rich in phosphorus, 
areas rich in carbon and areas rich in sulphur. Some of the concen- 
trations were actually very great. Irrespective of the form in 
which the sulphur occurred—and the sulphur was the element of 

1939—i 2R 
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which the segregation appeared to be greatest—the sulphur content 
of a sulphur segregation in steel was of the order of 40%. As soon 
as that mass was melted, the simple process of melting a very 
heterogeneous solid such as ordinary steel did not convert that 
heterogeneous solid into a perfectly homogeneous liquid. The 
substance was melted, but there was a difference between the 
specific gravity of the segregates of the iron sulphide and so on and 
the specific gravity of iron, and he saw no reason at all why the 
liquid segregates—not a liquid immiscible in another liquid but the 
streaky lack of homogeneity in one liquid—should not give rise to 
what the authors found, namely, a highly segregated area or volume 
at the top of the ingot. That was one view. 

Looking at it from a second angle, suppose one started with a 
perfectly homogeneous liquid steel in a long container in a furnace 
as in the authors’ experiments. The authors’ main plank, he took 
it, was given by Figs.4to06. He would seriously suggest—because 
the experimental difficulties under which the authors were working 
were very considerable—that that type of segregate at the top 
of the ingot could be obtained if, during the ten hours during which 
the material was supposed to be kept liquid, it was temporarily 
allowed to cool down below the liquidus temperature. In other 
words, it would allow differential freezing to account for that segre- 
gate. He thought that the value of the paper would have been 
increased if the authors had included some record of temperature 
measurements. The layout of the furnace was mentioned and 
reference was made to a thermocouple, but unfortunately no tempera- 
ture records were given. 

His third angle was given by the structure of Fig. 5 and the 
micrographs. In spite of what Dr. Gregory had said about there 
being a demarcation between the segregate and the main body of the 
steel, he would suggest that there was no clear demarcation as there 
should be from two immiscible liquids which would presumably 
remain immiscible in the solid state; there was no clear demarcation 
in the micrographs. Taking Fig. 10 as an example, showing a 
high-phosphorus layer in the lower part of the micrograph, there was 
admittedly a difference in the structure of the segregated portion, 
and that structure was different from the body of the ingot; but 
every steel ingot contained, to his mind, several differences in 
structure, and a difference of structure did not necessarily indicate 
or require a difference in liquid immiscibility. It was only necessary 
to examine any weld sample, particularly where the weld metal 
was composed of a steel similar in composition to that of the basis 
metal, to find that differences of solidification led to differences in 
structure, but the question of liquid immiscibility did not arise. 

He was afraid, therefore, that from the liquid-immiscibility 
aspect he was certainly not in agreement with the authors. He 
was not certain that he understood the explanation of the “ balled- 
up” area shown in Figs. 7 and 8. An explanation for a similar 
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type of structure was given in a paper presented to the Institute in 
1934 on ingot structures, and the structure was referred to as a 
“feathery structure. That was found in the interdendritic 
portions, the less pure portions, of the primary structure; but there 
again there was no clear demarcation between the interdendritic 
portions and the primary dendritic portions of the crystals. Whilst 
the authors were to be congratulated on an attempt to get down to 
the root of segregation problems, he was afraid that, so far as the 
theoretical explanation of their results was concerned, he must 
continue to register complete disagreement. 


Sir Harotp CarPEeNTER, F.R.S. (Past-President, London), 
remarked that Professor Andrew was never afraid of being wrong ; 
he was a most courageous investigator, and he was not always as 
wrong as he might sometimes appear to be. He put things in a 
provocative way and this gave rise to just that kind of discussion 
which had taken place. 

Personally, he liked what Principal Edwards had said, that it 
was a good thing to examine views which appeared to be perfectly 
well established, because fresh evidence came along from time to 
time and it was desirable to take the opportunity of examining even 
the most cherished opinions in the light of new evidence and not 
to be afraid to give up old views. That, after all, was what led to 
progress. 


Sections III. and VI. 


(Oxygen Determinations on Bath Samples, and Oxygen Sub-Committee’s 
Report.) 

Dr. ANDREW McCancr (Member of Council, Carmunnock, 
Lanarkshire) expressed his pleasure at being given the opportunity 
to open the discussionand to compliment Dr. Swinden on the excellent 
way in which the work of the Oxygen Sub-Committee had been 
planned and on the skill shown in organising the efforts of the 
individual members. It was, he said, a first-rate example of the 
benefits of collective team-work in such investigations. The work 
had been divided into its separate fields, and each investigator had 
made an intensive attack upon a limited objective. 

The net effect had been a decided increase in the accuracy 
with which oxygen could now be determined in steel. As recently 
as five years ago, if half a dozen samples had been sent to different 
analysts the results would have had a tolerance of approximately 
50% above and below the mean value; to-day, as a result of the work 
of the Sub-Committee, the tolerance was practically that to be ex- 
pected with ordinary analytical methods. That was a distinct 
achievement, on which the Sub-Committee were to be complimented. 
Those results had been obtained not by any new principle but merely 
by the attention given to small details. He would instance, for 
example, in Mr. Sloman’s paper the effect which had been achieved 
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by the use of graphite filings instead of powder obtained by machin- 
ing, which had made it possible to push up the temperature in the 
vacuum fusion method by about 200-300° C. and had reduced the 
* blank ” to a figure of 0-005—0-006 ml., an amount which was now 
quite negligible. The result had been that it was possible to have 
considerable confidence in the results obtained by that method. 

If he were to suggest a line of development to the Sub-Committee, 
it would be to try to bring that method within the orbit of works 
conditions. At the present time the apparatus presented difficulty. 
It was constructed largely of silica and glass, and it required a con- 
siderable degree of technical skill to supervise it. He felt sure that 
attention to details and design would enable a more robust apparatus 
to be brought within the orbit of practical works conditions, and it 
would then become, he believed, a most useful tool. It was not 
the method as such in which people were interested, but the results 
which could be obtained by placing in the hands of works metallur- 
gists a method suitable for determining the oxygen content in steel. 

He must not omit to mention in that connection the method 
which had been proposed by Gray and Sanders. That method also 
showed great promise of practical application, and, if he might 
again make a suggestion to the Sub-Committee, he would submit that 
it was a method which was well worth developing and examining 
in greater detail. It was simple and did not involve either the 
cost or the elaboration of the vacuum fusion method. 

Without disparagement or criticism of the other papers, he 
had found that by Mr. Sloman by far the most stimulating and 
important, not only because of the skill which the author showed 
in solving the difficulties but because the accuracy of his apparatus 
was opening up wider opportunities for applying the vacuum fusion 
method to other problems. Personally, he had in mind in particular 
the possibilities of using it for examining in greater detail the im- 
portant reactions that took place between gases and metals. We 
were only beginning to obtain an inkling of the important part 
which minute quantities of gases played in determining the physical 
properties and characteristics of iron and steel. The results already 
obtained, however, indicated that nitrogen existed almost certainly 
as nitrides, and the possibility of determining the actual form of 
nitride was, he thought, a development which would prove later 
on to be of importance. 

The other aspect of the paper which he found interesting was 
the application of the vacuum fusion method to determining the 
thickness of surface films. It confirmed the determinations already 
made by Vernon, and he thought that further work along that line 
would emphasise the great importance which very minute quantities 
of oxygen, and probably other gases, had on the surface of metals. 

With regard to the other processes, he must confess that at the 
moment he had no great enthusiasm for them. The chlorine and 
iodine methods were still largely research methods, and he could 
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not see any immediate likelihood of their being developed to the 
same degree of accuracy as the vacuum fusion method. At the same 
time, he would not advise that work on the examination of those 
processes should be stopped, because sometimes unexpected results 
were able completely to change one’s opinion. 

The only other process to which he would refer was that of 
fractional distillation. He confessed that he had been somewhat 
surprised at the accuracy with which the results obtained by that 
method had confirmed the results of other methods. That was 
somewhat unexpected, because fractional distillation, as carried 
out under the conditions outlined in the Report, was not a static 
process; it had more of a dynamic effect. He might perhaps 
explain that by means of a diagram (Fig. C.). If any particular 


Mn Si A 
Fe 





Fra. C. 


sample were slowly heated up under the conditions of the experi- 
ment, the amount of gas which was given off by interaction gradually 
rose. At the same time as the gas was given off, the amount of solid 
oxide giving rise to that gas of course decreased, so that a stage was 
reached at which the rate of gas evolution diminished, and the rate 
at which it diminished became greater at higher temperatures, so 
that a curve was obtained of the form shown. The first hump 
referred to iron oxide, then as the temperature still further increased 
there was an equivalent hump due to manganese, and then a silica 
hump and then one due to aluminium. It would be seen that at 
any given temperature the net effect was the result of the overlapping 
of the various reactions; and the fact which had apparently been 
demonstrated by the experiments, that accurate results could be 
obtained in spite of that overlapping, was, as he had already said, 
somewhat unexpected. It was, however, the next stage in the 
development of the attack on this oxygen problem, for after knowing 
the total quantity of oxygen, the next thing that it was desired to 
know was how it was distributed, and anything which could assist 
in attaining that end quickly would naturally be very welcome to 
those who were waiting to apply the results of the Sub-Committee’s 


efforts directly in the works. 


Dr. L. Reeve (Scunthorpe, Lincs.) said that he would like to 
make a few remarks on the results which Dr. Swinden had presented, 
as compared with those which he himself first reported in America 
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in 1933. On the whole, the results of Dr. Swinden and his colleagues 
had fairly well substantiated the main outlines of his own earlier 
work, and he was naturally gratified that that was the case. 

Perhaps the most important point was that which Dr. McCance 
had just raised, the question of the extent to which the various 
fractions overlapped. Whilst Dr. Swinden in his final summary 
of the method said that the separations were definite, there was 
some indication that overlapping might occur, and it looked as 
though overlapping was not always going to take place to quite the 
same extent. In certain steels, the degree of definiteness of separa- 
tion of the oxides seemed to be more marked than in others. That, 
of course, was a point which would have to be followed up more 
closely, and in that connection he ought to recall the fact that most 
of his original work was done with weld metal; possibly the separation 
for such material might be more definite than would be the case with 
some steels. 

The other point that he wished to make was that the equipment 
which he and his colleagues had used in America was not quite the 
same as that of the authors, and it was possible that modifications 
in the equipment used by the authors might lead to still further 
improvement in the separation of the fractions. 

It should be pointed out that in the case of the iron-oxide and 
manganese-oxide fractions there was only a matter of 100° C. in 
which to separate the fractions. There was not, therefore, a wide 
temperature range in which to work, and slight errors in the tempera- 
tures of the iron-oxide fraction might lead to overlapping with 
the manganese-oxide fraction. In this connection the diagram 
shown in Fig. D was of some interest. The curves were based upon 
thermodynamic calculations made in the early days of the speaker’s 
work on this subject and were of some assistance in working out the 
details of the fractional method. 

It would be noted that as ordinates were plotted the logarithms 
of the equilibrium CO pressure (in atmospheres) for each oxide 
reacting with carbon. For such a reaction in a closed system 
there would be an equilibrium gas pressure at each temperature. 
These temperatures were plotted as abcisse, instead of the more 
usual 1/7’. 

It would be seen from these curves that at 1070° C. (vertical 
line a-a), which was the lowest temperature at which fusion of the 
tin-iron-carbon melt could be attained, the equilibrium CO pressure 
for the reaction FeO + C == Fe + CO was theoretically extremely 
high—approaching 1000 atm.—whilst that of MnO was only 0:1 
atm. The speed of reaction of FeO with carbon at this temperature 
should therefore be extremely high, and that of MnO very much 
lower. 

After the first burst of gas evolution at 1070° C., therefore, there 
should be a sharp drop to a very much lower gas pressure related to 
the considerably lower rate of reduction of MnO at this temperature. 
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The first fraction should therefore be stopped immediately after 
the first burst of gas evolution. This was indicated by the authors’ 
curves in Fig. 33. The temperature should then be raised to 
1180° C. (vertical line b-b). At this temperature the equilibrium 
CO pressure for the reduction of MnO should be about 400 mm., 
whilst the corresponding pressure for the reduction of SiO, should 
be about 75 mm. 
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Fig. D.—Reduction of Oxides by Carbon. Calculated pressure curves 
(approximate). 


Whilst these equilibrium pressures were, of course, only a guide 
to actual rates of reduction, the figures suggested that the degree 
of separation between MnO and SiO, might not be as sharp as 
between FeO and MnO. 

In actual experiments on the reduction of powdered oxides 
(reported in the speaker’s first paper) it was found that the rate of 
reduction of SiO, at 1180° C. was actually extremely low. 

Turning now to the reduction of SiO, at 1320° C. (vertical 
line c-c), the equilibrium pressure for the reaction SiO, + 2C= 
Si + 2CO was about 1 atm., whilst it is so low for the next reaction, 
Al,0, + 3C—= Al + 300, as to be entirely negligible. The 
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authors’ experiments on the aluminium-killed steel SG2631 (Table 
XXII., p. 81) confirmed that this was indeed the case. 

The effect of combined inclusions such as silicates would doubt- 
less be to slow down the rate of reaction. Thus the FeO in a ferrous 
silicate would no doubt react less quickly than pure FeO. But the 
rate of reduction of the SiO, should not be affected. It was suggested 
indeed in the authors’ paper (p. 84) that FeO in a complex spinel 
was not reduced until the Al,O, fraction was reached. This 
required confirmation, but, as pointed out by the authors, this was 
not necessarily a weakness of the method. 
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Fie. E.—Evolution of Gases from the Vacuum Fusion of All-Weld 
Metal at Different Temperatures. 


It was suggested that work on the reduction of known amounts 
of such complexes added to steels required to be carried out syste- 
matically, but, as pointed out in the speaker’s original paper, care 
would be necessary to duplicate the degree of sub-division in actual 
steels. 

Another point which he wished to make was that the apparent 
degree of separation between actual fractions as described in the 
paper by Dr. Swinden and his colleagues was complicated by the 
fact that the separations were reported in terms of base pressures. 
At the beginning of the fraction, the base pressure shot up to a very 
high figure with the first burst of gas and then came down to a 
much lower figure, as shown in Fig. 33. The final base pressures, 
expressed in units, sounded fairly high, but actually they represented 
extremely small pressures, since each unit was only 0-73 x 10-5 mm. 
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In terms of actual volume of gas collected such small base pressures 
represented negligible quantities. In his original paper, the separa- 
tion between the fractions was plotted in terms of actual pressure 
of the gas collected in the reservoir, which usually amounted to an 
average of about 20 mm. This was illustrated in Fig. E, taken 
from the original paper. The degree of separation between the 
fractions was much more marked when expressed in this manner. 
It would be noted that only three fractions were employed in the 
early work. 

A further point which he wished to make, and which perhaps 
ought to be emphasised from the point of view of the practical 
application of the results in question, was that, as was mentioned 
by Dr. Swinden and his colleagues in their paper, the total time for 
a fractional vacuum fusion analysis was at the present moment 
very small compared with the total time required for the residue 
methods of analysis; it was a matter of hours, as compared with 
days for the residue analysis. Actually—and this was a point which 
supported what Dr. McCance had said in opening the discussion— 
methods were already available for introducing steel samples into 
already evacuated equipment without spending several hours 
on de-gassing the crucible. This would reduce the time for the 
total fractional analysis to 3-4 hr. for the average specimen. 

If the FeO fraction alone was required it could be obtained in 
less than an hour. 

Finally, with regard to nitrogen, it was stated that in the steel 
samples examined the nitrogen came off largely in the final fraction, 
seeming to indicate that there was some connection between nitrogen 
and aluminium in the steels tested. It should be pointed out that 
it had been shown in a paper by Hoyt! in America, dealing with 
the fractional vacuum fusion method, that in certain welds it 
was found that the nitrogen could be associated with the first 
fraction. Hoyt demonstrated also that in those cases where the 
nitrogen was fairly high in the first fraction it could be seen in the 
form of nitride needles, whereas when the nitrogen was in the 
final fraction that was not the case. There was thus a certain 
amount of evidence that it did not necessarily follow that the nitrogen 
was always associated with the last fraction. : 


Mr. T. E. Roonry (National Physical Laboratory, Teddington), 
referring to the reference in Section III. to the insolubility of iron 
carbide in the alcoholic iodine solution, said that he had done some 
work at the National Physical Laboratory in that connection, and 
he had confirmed that in the case of a carbon alloy containing 
14% of carbon the carbide was not completely decomposed, but he 
would not like to say that the carbide remained purely as unde- 

1 §. L. Hoyt and M. A. Scheil, T'ransactions of the American Institute of 


M cng and Metallurgical Engineers, 1937, Iron and Steel Division, vol. 125, 
p. 313. 
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composed Fe,C; he thought that that was a point which required 
to be worked out. It might be partially decomposed, and exist 
perhaps in the form of another carbide. He thought that some of 
the difference shown in the authors’ results between the vacuum 
fusion and the iodine methods could be attributed to oxygen dis- 
solved in the iodine solution, and possibly to oxygen as a film on the 
machined samples. 

The authors were very cautious; they did not wish to commit 
themselves to agreeing that there was a general tendency for oxygen 
values obtained by the two methods on low-carbon steels and on 
pure iron to agree more nearly with the vacuum fusion results. 
That, however, was surely a question of fact, as exemplified by the 
work of members of the Sub-Committee, including themselves. It 
might be that such agreement was due to a balance of errors, or 
there might be some other explanation; but the fact was that there 
was a tendency for the recent results obtained by the iodine method 
to agree more closely with those of the vacuum fusion method. 
The authors might like to modify their statement; they might not 
have intended it quite as he had read it. 

In that connection, he would like to refer to some results recorded 
in the Seventh Report, where with seventeen samples with a carbon 
content varying from 0-1 to 0-55 °{,the agreement between the two 
methods was remarkable. 

He noted that the present authors regarded the FeO figures on 
their samples after No. 12, which had carbon contents of 0-50% 
and under, as being representative of the true values, and he would 
again emphasise that the elimination or removal of extraneous 
oxygen should in his opinion further improve those values. He was 
at present carrying out experiments to determine what might be 
called the critical percentage of carbon which did leave sufficient 
undecomposed carbide to interfere with the method, and in his view 
that was an important point, because it was desirable to know the 
limitations of the method—in fact, it was desirable to know the 
limitations of any residue method. 

The authors mentioned the results on cast iron to support their 
remarks about the carbide. In October, 1937, he suggested to the 
Chemists’ Panel that certain troubles with cast iron might be due to 
the presence of iron carbide, and in a note to Mr. Stevenson shortly 
afterwards he referred to a paper by Bihet and Willems,” in which 
the refractory nature of iron carbide towards iodine solutions, both 
aqueous and alcoholic, was demonstrated, and suggested that it 
might be necessary for the Panel to carry out experiments on steels 
of higher carbon content in order to determine whether all the 
carbide was decomposed. 

As a few general remarks on the work of the Oxygen Sub-Com- 

1 Seventh Report on the Heterogeneity of Steel Ingots Section IIIs, 


p. 59, Iron and Steel Institute, 1937, Special Report No. 16. 
2 Archiv fiir das Hisenhiittenwesen, 1937, vol. 11, Sept., pp. 125-130. 
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mittee, he would like to say that they had now arrived at a stage 
when they could really carry out a systematic investigation of any 
residue method. Previously they had been working to some extent 
in the dark. In the first place, until the vacuum fusion method was 
developed in Britain they had no standard with which to compare 
their results; all that they could do was to get good duplicates, and 
good duplicates could be obtained simply by carrying out the experi- 
ment under exactly the same conditions every time; and that was to 
some extent possible. Since the vacuum fusion values had been 
obtainable they had been able to go a step further, because in his 
view they now had an opportunity of making a systematic investi- 
gation of any residue method, and they had laid down a programme 
which could be used in the future to investigate any method of 
determining oxygen. 

Dr. McCance said that he regarded residue methods as being 
still research methods, and spoke of the complication of the vacuum 
fusion method. Personally, however, he had found that many 
industrial laboratories were very well equipped, and they had 
sufficient skilful workers to do a great deal of this work themselves ; 
in fact, in some ways he thought that they were more advanced 
than the National Physical Laboratory. 

For instance very little work of a routine character was carried 
out nowadays in the Metallurgy Department of the National Physical 
Laboratory, and much of the work, in particular, of the vacuum 
fusion method could now be applied to the routine examination of 
steels in industrial laboratories. The apparatus might be somewhat 
more delicate than a modern spectrograph, but the technique and 
skill required were probably of the same order. The quantitative 
analysis of the iodine residues by means of the spectrograph had 
been considered at the National Physical Laboratory, but the paper 
on “Some Applications of the Spectrograph to the Quantitative 
Analysis of Ferrous and Non-Ferrous Metals” by Mr. Barker } 
seemed to indicate that this was already a practical possibility. The 
a for a determination would then be a matter of hours instead 
of days. 

Mr. Rooney added that an error had unfortunately escaped 
notice in Table LIV. on p. 208 of the Report. In the third cross 
column, under the heading “‘ Method Used ” (column 2) the first 
series of results was obtained by boiling the alcoholic iodine at 
65-5° C. for 4 hr., not by stirring it as stated. 


Mr. E. TayLor-Avstin (Birmingham) also referred to Section ILI. 
of the Report, and said that it seemed to him important, when 
looking through the authors’ tables of residue analyses, that the 
behaviour of iron carbide towards alcoholic iodine solution was, to 
say the least of it, rather uncertain, and in that respect it resembled 
very closely the behaviour of iron phosphide in the treatment of 


1 This Journal, p. 211P. 
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pig and cast iron. It struck him as very interesting that, as the 
authors pointed out, the amount of phosphorus pentoxide in the 
residue bore a close relationship to the iron content of the residue. 
If, as the authors suggested, and as Mr. Rooney pointed out eighteen 
months ago, there was a possibility of interference from iron carbide, 
then in the case of cast iron there were at least two variables affect- 
ing the iron content of the residues; and it might be that that was 
one of the reasons why when working on cast iron it was impossible 
to trace any direct relationship between the iron and the phosphorus 
contents of the residues. In fairness to themselves, however, he 
ought to say that at the time that they carried out the work on the 
alcoholic iodine method their primary object was the removal of 
phosphide, and any interference caused by carbide would have been 
masked by the presence of this phosphide. 

Very recent work which he had carried out with the aqueous 
iodine method showed that in that method the iron carbide was 
definitely only partially decomposed in the original decomposition, 
but that in the subsequent treatment for the removal of phosphorus 
the iron carbide, at any rate in the amounts which they had so far 
examined, was completely decomposed. Work was at the present 
time in hand to find out the limits with which the ammonium 
citrate treatment would deal. It struck him also as significant, 
however, that the figures recorded for iron oxide by the aqueous 
iodine method, bearing in mind that iron carbide was definitely 
soluble in ammonium citrate, were considerably lower than those 
obtained by the alcoholic iodine method. Reference to Tables 
XXXITI., XXXIV., and XX XIX. of his paper on the aqueous iodine 
method would illustrate this. The attendant fall in the phosphorus 
pentoxide content of the residue was insufficient to account for this 
drop in iron. 


Mr. J. H. Wurretry (Consett, Co. Durham) said that for the 
most part his remarks would be confined to Section III. of the 
Report. He also had received from the Committee portions of the 
samples of cast #14473 for a thorough microscopic investigation of 
their inclusion contents, but unfortunately he had not found an 
opportunity of doing this piece of work. On reading this excellent 
contribution, however, he felt that he should at least examine three 
of the samples, and for that purpose he chose samples Nos. 4, 6 and 
15. His reasons for selecting these three were that No. 4 was taken 
just before the boil started and while the silicon was still in process 
of removal; No. 6 gave the highest percentage of FeO in the 
inclusions; and No. 15 contained the most SiO,. On reporting his 
observations to the Heterogeneity Committee he had been asked 
to place them before the present Meeting in the discussion. 

He had found the two types of inclusions, usual in bath samples, 
to be present in all three samples; one type consisted of minute 
glassy spherical particles rich in SiO, and the other of sulphides, &c. 
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It was at once evident on comparing the specimens that the SiO, 
particles in sample No. 15 were more numerous than in the other 
two and it appeared worth while, therefore, to count them by the 
method he had described in the Seventh Report of the Committee. 
The results were given below, each figure being an average of ten 
counts : 


SiO, in Average Number 

Sample No. Inclusions. of SiO, Particles. 
4 0-010% 29 
6 0-006, 19 
15 0-:027% 45 


Although the ratios varied somewhat there was obviously a 
correspondence between the two sets of results. Taking the counts 
on samples Nos. 4 and 6 as a standard it would be seen that the 
number of particles in sample No. 15 was lower than would be ex- 
pected from the percentage of SiO,. This apparent discrepancy 
might, however, be partly, if not altogether, accounted for by the 
fact that the particles in that sample were somewhat larger in sizes 
than those in samples Nos. 4 and 6. In the latter, these inclusions 
were mostly glassy and fairly light in colour; a few darker ones 
occurred here and there, but none were opaque. Hence it was 
concluded that their FeO and MnO content were relatively low, since 
it was fairly certain that, if the amounts of FeO found by analysis 
had been actually present as such, many opaque silicate particles 
would have been formed. That observation, therefore, supported 
the authors’ contention that most of the FeO shown was really due 
to undecomposed cementite. A careful examination of the sulphide 
inclusions also pointed to the same conclusion. No FeOQ-FeS 
eutectic, a sure indication of the presence of FeO, was to be seen in 
either sample; in No. 4 the sulphides consisted almost entirely of 
FeS or mixtures of FeS and MnS. In sample No. 6, however, 
although no eutectic appeared, FeO was definitely present as a 
separate constituent in some of the sulphide inclusions. This 
substance was distinctly darker than the MnS in mixture particles 
and could also be identified by its ready solubility in a 2-0°% solution 
of hydrochloric acid in methylated spirits. It would be noted that 
the percentage of FeO in the inclusions was exceptionally high in 
sample No. 6. They contained 0-031° more than in sample No. 4. 

In sample No. 15 practically the whole of the SiO, particles were 
colourless. Moreover, these spherical inclusions were uusally 
well apart from each other, whereas in samples Nos. 4 and 6 they 
showed a strong tendency to coalesce. There, frequently, two par- 
ticles could be seen in contact and sometimes four or five were joined 
together in a group. The sulphides in sample No. 5 were entirely 
FeS, there being no sign of any FeO either as a eutectic or as a 
separate constituent. This again was in agreement with the 
authors’ results, for the FeO and MnO contents of this sample were 


1 Iron and Steel Institute, 1937, Special Report No, 16, p. 30. 
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shown to be extremely low. It was of much interest to note that 
the total oxygen found by the vacuum fusion method was 0-0148%, 
and of this no less than 0-0144°% was contained in the SiO,. Thus, 
assuming these figures to be correct, and he believed they were, the 
important conclusion was reached that with 0-07%, of silicon in the 
steel no oxygen was present in solid solution. 

Here he would take the opportunity of remarking that while the 
Oxygen Sub-Committee had not, as yet, been able to find any evi- 
dence that oxygen was dissolved in steel at ordinary temperatures, 
he had discovered good reason for believing that FeS was soluble to 
an appreciable extent He had repeatedly heated pieces of bath 
samples, containing about 0-20% of carbon, 0-05-0-10% of man- 
ganese and 0-03-0-04% of sulphur, for an hour or two at 1000° C. 
and found in each instance by the counting method that approxi- 


mately 80°, of the sulphide had disappeared. As subsequent - 


analysis had proved that no sulphur had been lost in this treatment, 
the only apparent alternative conclusion was that the vanished 
sulphide had dissolved in the iron. Shorter heatings at 1000° C. 
had shown that this disappearance occurred gradually. Solution 
was not rapid and saturation seemed to be reached in about 2 hr. 
In such steels the maximum sulphur solubility as FeS seemed then to 
be approximately 0-03%. So far he had not been able to obtain 
any visible reprecipitation of the sulphide, although he had made 
several attempts. Further work was, however, needed in this 
direction. 

He was, of course, aware that some sulphide solubility had 
previously been suggested. Some years ago Bramley and his 
collaborators in a paper read before the Faraday Society 1 advanced 
evidence which they maintained indicated that sulphur dissolved 
in steel at temperatures between 1000° and 1150°C. While he 
considered the evidence they had put forward to be open to criticism, 
the fact that they had found the rate of diffusion of carbon to be 
greatly reduced by the presence of sulphur seemed to him to be 
significant. Unfortunately the iodine method of separating in- 
clusions would be of no service in this direction, for the sulphides 
were attacked. There seemed, therefore, to be no possibility of 
ascertaining the sulphur solubility in ordinary steels by this means. 


Dr. C. H. Dzscou, F.R.S. (Vice-President, London), said that 
everyone would wish to congratulate Dr. Swinden on the organisa- 
tion of the research for which he had been responsible. Personally, 
he had seen the work as it went on, and knew how well the co- 
operative organisation had worked in practice. There was no 
doubt that great progress had been made. 

Mr. Whiteley expressed regret that the iodine method involved 
dissolving the sulphides, but probably that regret was not shared 
by those who were working in the laboratory on oxygen determina- 
1 Transactions of the Faraday Society, 1935, vol. 31, May, Part 5. 
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- tions. He was afraid that Mr. Whiteley’s problem, which was a 
very important one, would have to be tackled in a different way, 
and not incidentally in the determination of oxygen. 

Reference had been made several times to the effect of carbide 
remaining insoluble and causing high results. He did not think 
that it had been mentioned in the discussion, but it was known to 
some of those who were working on the matter that it was not so 
much the quantity of carbon which was present as the texture, the 
massive form, which was responsible. Probably a very considerable 
quantity of carbide, if in a finely laminated form, would still dissolve. 
It was probably massive cementite which was the insoluble material. 
It would be quite easy to make some tests in that direction, taking 
such a material as Sheffield cemented bar, with its extremely massive 
cementite, which might be expected to give an abnormally high 
result by a residue method. 


Section VII. 
(Pyrometry.) 


Mr. H. H. Burton (Sheffield) said he was particularly pleased to 
open the discussion on Section VII. because, so far as works applica- 
tion of the pyrometer in question was concerned, he had been as- 
sociated with Dr. Schofield’s experiments almost from the start, and it 
had been a very happy collaboration indeed. It was not necessary 
to say very much about the apparatus, which was fully dealt with 
in the paper, but he would like to testify to the value of the instru- 
ment, which his firm, the English Steel Corporation, had found to be 
thoroughly practicable, and he believed undoubtedly accurate. 
He would like in particular to testify to the value of the results 
which they had obtained. 

They started with this instrument in the open-hearth furnace, 
and were somewhat surprised by the uniformity of the furnace 
temperatures which were shown by the instrument, and were 
attained simply through the judgment and experience of the melting 
staff. It was soon found, however, that during the last hour or so 
before tapping, the gradual lowering of the gas by the furnacemen 
actually cooled down the steel in the bath, and that this cooling 
accounted for a considerable portion of the difference in temperature 
between the bath and the launder or ladle. Referring to the second 
paragraph on p. 259 in Dr. Schofield’s paper, he thought that in this 
way the difference to which Dr. Schofield drew attention could be 
easily explained. It would be seen from this description, which 
immediately preceded the table of results, that the temperatures 
taken in the centre of the bath at the time of the last carbon sample 
and in the launder, respectively, were separated in time by as much 
as one hour in some cases. The fall in temperature of the bath 
referred to previously brought the actual temperature of the bath 
at the moment of tapping very much closer to the temperature of 
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the launder. This had been confirmed by taking more frequent 
temperature determinations. It was now possible to say that there 
was very little loss of heat between the furnace and the ladle— 
indeed this loss was less than was anticipated, and often amounted 
to less than 20° C. 

Somewhat similar remarks applied to the electric-furnace 
temperatures given in Table LXVII. in the Report, but further 
experience had shown that unless the last furnace temperature in the 
electric furnace was taken immediately before tapping, the difference 
between the bath and ladle temperatures might vary considerably, 
as some furnacemen had a tendency to increase the power input 
during the later stages of steelmaking in order to heat up the steel 
ready for tapping. Further investigation of this practice, by means 
of the Schofield thermocouple, had enabled the working of the charge 
to be improved, and something like an ideal temperature graph to 
be worked to in electric steelmaking. It has been found that when 
this was accomplished, the finished steel was less liable to contain 
objectionable inclusions. 

He believed that the Schofield thermocouple was destined to be a 
most valuable weapon in the hands of the metallurgists of the future 
and he would venture to predict that Dr. Swinden’s joint committee 
would have to make very considerable use of the instrument in their 
studies. He would add that when they commenced their determina- 
tions with the immersion pyrometer, for a long time they took 
optical readings side-by-side with the immersion readings; and, 
although those optical readings were taken by a skilled man who had 
been doing the work for years, they soon abandoned the optical 
readings as being worthless. This disadvantage of the optical 
pyrometer was really no very great reflection upon the accuracy of 
the instrument as such, but was due very largely to the difficulty of 
sighting upon any part of the metal stream which was quite free 
from fumes. As a result of the information derived from the use 
of the pyrometer, they had been able to cool their steels down to a 
reasonably uniform temperature before tapping, and in the future 
thet might be done to an even greater extent. He could confidently 
recommend the adoption of the pyrometer as a really practicable 
instrument to anyone who would take the trouble to make it up 
and to put it in the charge of someone who had the necessary patience 
and skill to make proper use of it. 


Mr. K. M. Tiaerscu1éitp (Stockholm), referring to the com- 
parative test which Mr. Burton had described between the immersion 
pyrometer and the optical method, said it would be of interest to 
know how large the difference was between the readings obtained 
by the new method and those obtained by the optical method which 
had been in use for so many years. He understood that in Germany 
a difference of more than 100° C. had been found between the optical 
pyrometer and the new method, employing in that case a tungsten— 
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molybdenum thermocouple, and he wondered whether anything of 
that kind had been found in Britain. 

Every metallurgist in the world had longed for a good instru- 
ment with which to measure steel temperatures. They tried to 
make calculations concerning the thermodynamics of steelmaking 
processes, but perhaps all the time they might be taking a temper- 
ature 100° C. lower than the actual temperature. It was time that 
they had an accurate basis for their calculations. All over the 
world, therefore, the investigation which had been carried out would 
be welcomed and very much appreciated. 


Dr. C. H. Descou, F.R.S. (Vice-President), asked whether in the 
case of the optical temperatures the normal correction for emissivity 
had been made. 


Mr. H. H. Burton replied that it had not, and added that he 
was afraid that it was quite impossible to say what the correct 
difference between the two readings was. The optical temperatures, 
he explained, were taken on a stream of molten steel, and there was 
a tendency to sight on what seemed to be the brightest spot. He 
did some work on the matter some years ago, and concluded that 
that was not the correct spot on which to sight, but the tendency 
to move the instrument to get the brightest portion of the stream into 
the field resulted in the readings being exceedingly variable. He 
could say that the differences varied from as much as 120°C. in 
some cases to something of the order of 60° C. in others. There was 
such complete irregularity between the immersion and the optical 
readings that it was finally decided that comparison was almost 
useless. 


Mr. W. J. Topp (Sheffield) remarked that he was appointed to 
the research department of Messrs. Hadfields some years before the 
Great War, and since that time he had been continuously and actively 
concerned with, amongst other matters, the measurement of tem- 
perature, including liquid steel temperatures. When he first 
commenced his duties, the polarising type of optical pyrometer was 
used for such liquid steel temperatures as were taken. About 1916, 
the disappearing-filament type became available, and it was not 
long before they decided that that was a very much better type and 
had undoubted advantages in this application. They had used that 
type continuously down to the present time, and still did so but now 
along with the quick-immersion thermocouple. Possibly its use 
might be extended, because they considered that the data obtained 
(black-body temperature by measuring the brightness in one wave- 
length) might indicate an important characteristic of the steel. 

They had made a great number of comparative determinations 
using both the thermocouple and the optical pyrometer, and they 
had been surprised at the agreement of the emissivity obtained 
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from those results with the figure which Burgess recommended in 
1917, namely, 0-4. It must not be thought, however, that there 
was no variation; there was in fact pronounced variation. While 
the figure was on the average about 0-4, for 1600-1640° C., the 
tendency seemed to be for the emissivity to fall with a rise of 
temperature. Also, of course, they were working with a large 
variety of both plain carbon steels and alloy steels, and there 
was an erratic variation from one steel to another which they had 
not been able to explain from their previous experience; but they 
were continuing to take optical pyrometer readings with the object 
of elucidating the variations that were taking place, with the help 
of the additional information given by the Schofield quick-immersion 
couple. 

Down to the present it had been impossible to say whether or 
not there was a systematic variation in emissivity between different 
steels according to their compositions. Working in one wave- 
length, the red, very little had been acquired, and using a different 
wave-length, say, the green, data were even more scanty. In the 
present state of knowledge, therefore, the method of measuring 
temperature by colour, which amounted to measuring the relative 
intensities of light in two wave-lengths, would appear to be more 
indefinite than measuring in one wave-length, 0-65 in the red, and 
assuming a round figure of 0-4 for the emissivity. They had made 
a number of such determinations, using a colour-temperature 
pyrometer of the latest type obtained a little over two years ago, 
and their results on the whole confirmed what would be expected, 
namely, that while the emissivity correction, which amounted to 
from 60° to 190°, with a mean correction of 130° at 1600° C., was 
obviated, and an observation approximating the true temperature 
was obtained, there was still the error due to variation of emissivity 
in different steels. 

In 1937, Guthmann ! published a paper giving a large collection 
of data obtained with the colour-temperature pyrometer ; personally 
he (the speaker) thought they indicated the importance of the emis- 
sivity characteristic as much as the value of accurate temperature 
measurement. At the present time the importance of accurate 
temperature measurement had yet to be proved, and the exploration 
of emissivity or other temperature characteristics would help in 
this direction. Guthmann went so far in his paper as to indicate 
that the quality of various types of steel might be assessed from a 
consideration of emissivity and temperature. At Hadfields they 
were proposing to continue the use of previous methods in con- 
junction with the quick-immersion thermocouple. They had 
obtained useful information, and had found accessory apparatus 
which met their needs satisfactorily. 

A word might be said about the instruments recommended for 
measurement of the e.m.f. He felt that the potentiometer using 


1 Stahl und Eisen, 1937, vol. 57, pp. 1245, 1269. 
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the null method was the best. Any other instrument, whether 
potentiometer or not, using a deflection reading, whilst it gave a 
quick reading with minimum manipulation, was not so reliable. 
The resistance was comparatively low; and, while the change in 
resistance of the couple on heating could be allowed for, there were 
other possible sources of error which were liable to give trouble in 
continued operation. 

Dr. Schofield and Mr. Grace were to be complimented on evolving 
this practical apparatus, which had so successfully solved the difficult 
problem of measuring steel temperatures, particularly on an open- 
hearth stage. 


Mr. N. H. Bacon (Sheffield) said that the authors had asked for 
results obtained in practice, and accordingly he would like to describe 
what was being done at the works with which he was associated. 
Mr. Burton had referred to the results obtained by the English Steel 
Corporation. Since the last Open-Hearth Conference, at his own 
works one of the Schofield pyrometers had been installed, and it had 
given very good results. They intended to put in another. They 
now took temperatures regularly of all alloy casts, and the results 
obtained were so regular and consistent that it was clear that a very 
valuable instrument had been placed at the disposal of the works 
metallurgist. Mr. Burton had given certain figures, and he noticed 
that the lowest bath temperature recorded was 1525° C. and the 
highest 1648° C. In his own case the lowest tapping temperature 
recorded was 1578° C. and the highest 1659° C., which was quite a 
considerable variation, 81°C. It might be mentioned that the tap 
taken at 1578° C. left a clean ladle and the results were quite good, 
which indicated that in certain cases tapping was being carried out 
at too high a temperature. That was known, of course, from 
practical experience. 

Another interesting point mentioned by Mr. Burton was the drop 
in temperature at tapping, indicating that the furnaceman had taken 
some measure to control the temperature. His own firm had found 
over the last ten casts recorded that the average temperature at 
“ going on,’’ 7.e., just before the finishing additions were made, and 
about half an hour before tapping, was 1665° C., and the average of 
those same ten casts taken just before tapping, about half an hour 
later, was 1628° C., or a drop of 37° C. in half an hour. He thought 
that that was chiefly due to the addition of the finishings, which in 
their own case were 20-25 cwt. of ferro-chrome material and ferro- 
manganese. 

There was a very valuable method of controlling the tapping 
temperature by taking the temperature just before going on and 
adjusting the finishing materials according to that temperature, 
increasing the weight if the temperature was too high. 

The average temperature told only part of the story. The 
lowest temperature just before going on was 1650° C. and the highest 
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1687° C. The biggest drop in temperature between going on and 
tapping was 52° C. and the smallest 14°C. He thought that those 
figures were very good confirmation of the results obtained by the 
the English Steel Corporation. 

The importance of temperature in steel manufacture was well 
known, and it had recently come to notice that it played a very 
important part in the question of the control of grain size as well. 
If steel were tapped at too high a temperature, no matter how 
much aluminium was put in, it would not have a fine grain, and from 
that point of view it was very important, now that more and more 
steel of fine grain was being made, to have some control over tem- 
perature. 

The lowest temperature recorded at any time in the bath was 
1522° C., which compared with Mr. Burton’s figure of 1525° C. The 
highest temperature recorded at any time was 1687° C., compared 
with the English Steel Corporation’s figure of 1648°C. It was 
interesting to note that the cast which had the highest temperature 
at melting had also the highest temperature at tapping. 





CORRESPONDENCE. 


Mr. R. A. Hackrne (Middlesbrough) wrote congratulating the 
authors of Section IT. on their interesting preliminary exploration 
of a field which fairly bristled with experimental difficulties. Whilst 
preferring for the time being to adhere to orthodox views in regard to 
the major factors contributing to the heterogeneity of steel ingots, 
he expressed great interest in the results obtained, and a measure of 
agreement with some of the interpretations put forward. In regard 
to one or two minor points, however, he did not quite see eye to eye 
with Professor Andrew and his collaborators. 

He assumed that the use of what might be termed a relatively 
long, narrow ingot arose primarily from the importance of obtaining 
uniformity of temperature and the avoidance of convection currents 
—conditions essential to the maintenance of the placid conditions 
necessary to allow the visualised impure liquid phase to take advan- 
tage of the immiscibility and lower density alleged by the authors. 
Thus, so far as concentration of metalloids at the top of the bath 
by this means was concerned, the authors’ equipment, in conjunction 
with a liberal time factor, provided conditions favourable to its 
development. At the same time, he contended that a relatively 
long ingot, of very small cross-section, and with parallel sides, could 
not offer anything like the facilities for differential freezing which 
prevailed in full-scale practice, no matter how slowly it was cooled. 
The rate of concentration of impurities in the mother liquor was 
obviously a function of the rate of formation of the solid phase, and 

in a long narrow parallel-sided ingot of killed steel, bridging from the 
sides was likely to tend to prevent their reaching the upper surface. 
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In other words, the conditions appeared to him to be conducive to 
the formation of several miniature freezing systems superimposed 
upon each other, and the degree of heterogeneity arising from differen- 
tial freezing alone would not be revealed by comparing the analyses of 
the top and bottom surfaces. 

As a result, he contended that the comparison between quiescent 
and stirred melts recorded at the bottom of p. 3 hardly justified the 
conclusion drawn from it. He hoped that it would be possible to 
continue the experiments, using a squat wide-end-up container, 
preferably with a generous taper. 

If the table near the bottom of p. 3 was arranged in descending 
order of the percentage variation of each element, it was as follows : 


Difference, 

Top. Bottom. Actual. Percentage of 

% % % Lower Figure. 
Phosphorus . : . 1:04 0-21 0-83 395 
Sulphur : ' . 0:59 0-20 0-39 195 
Manganese . ‘ - 2-00 1-10 0-90 82 
Silicon : . . 0-83 0-51 0-32 63 
Carbon ‘ : . 0-48 0:33 0-15 45 


The authors subsequently suggested the formation of “an 
immiscible liquid phase high in sulphur, phosphorus, and probably 
carbon,” but they ignored the elements silicon and manganese, which 
showed a greater variation than carbon in this experiment. Ap- 
parently their statement was influenced by the usual behaviour of 
these two elements in ordinary practice, but it was hardly a fair 
description of the result of this experiment. 

Singularly enough, the writer mentioned to Professor Andrew 
several years ago, at a meeting of the Sheffield Metallurgical Asso- 
ciation, an experience which he felt could be explained only by the 
formation of an immiscible liquid phase rich in silicon and manganese. 
The material concerned was silico-manganese spring steel, made in 
an acid open-hearth furnace of 50 tons capacity, with all the finishing 
materials added to the bath 15-20 min. before tapping. When top- 
teemed directly through a 1-in. fireclay nozzle, evacuation of the 
ladle occupied 50-60 min. and under these conditions there was a 
gradual rise in the silicon and manganese contents of the steel, the 
former varying from about 1-6% in the first to 2-1% in the last 
ingot, and the latter from 0-8% to 1-05%. Carbon, sulphur and 
phosphorus showed no corresponding rise as teeming progressed, 
but merely exhibited variations arising from normal heterogeneity 
within the individual ingots. This experience extended over three 
or four casts, all of which behaved in exactly the same manner. In 
the case of subsequent charges, resort to up-hill teeming in clusters 
of four enabled evacuation of the ladle to be accomplished in one- 
third of the time previously required, with the result that the varia- 
tion in silicon and manganese contents was reduced to negligible 


proportions. 
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He was unable to find any details regarding the temperatures 
used during the authors’ experiments, but he assumed that they 
were sufficiently high to keep the melt a reasonable margin above the 
liquidus. He mentioned this point in order to stress the fact 
that any hovering within and without the range would produce 
results which could not be accepted as an equitable measure of 
effects due solely to the formation of an immiscible liquid phase. 

In conclusion, he congratulated the authors on their courage and 
persistence in the face of enormous experimental difficulties and 
frequent disheartening experiences with their equipment. He 
looked forward with keen interest to the continuance and development 
of this picneer work. 


Mr. A. B. WintEeRsorrToom (Trondheim, Norway), referring to Part 
2a of Section VI., wrote that he was greatly interested in the author’s 
determinations of surface oxygen on iron by the vacuum fusion 
method, as he was himself making similar determinations by the 
polarimetric method. In this work it was found that polished sur- 
faces of carbonyl iron reduced in pure hydrogen and exposed to dry 
air at 20°C. oxidised very rapidly to begin with, the oxide layer 
attaining about 30 A. (equivalent uniform thickness, corresponding 
to 5:25 x 10-7 g. of oxygen per sq. cm.) in a few minutes, but the 
subsequent growth of the oxide film was very small, though still 
appreciable after several weeks. The optical changes produced 
by the film agreed well with those calculated from the optical con- 
stants of « Fe,O,. Assuming the slow oxidation to follow the 
parabolic law, the parameter was much smaller than that computed 
by Vernon and would appear to lie very close to the continuation of 
Vernon’s log &/(1/7') curve from over 200° C. to 20° C.1 


This and other considerations, which it was hoped to publish 


later, raised doubts concerning the correctness of the widely accepted 
view that the oxidation of iron below a temperature in the region 
of 140-200° C. involved a different form of Fe,O,.2 It was signi- 
ficant that the y Fe,0, hypothesis was based almost entirely on 
studies of surfaces prepared by dry abrasion, which Bowden and 
Ridler had shown could give rise to exceedingly high transient 
temperatures locally * and hence conceivably to the formation of 
magnetite with an electron-diffraction pattern indistinguishable from 
that of y Fe,0,. Polarimetric measurements on carbonyl iron dry- 
ground with 12u emery on a lead lap corresponded to a film of about 
100 A. immediately after grinding, assuming the optical theory to 
be applicable to an irnperfect reflector. This was equivalent to 
1°58 x 10-° g. of oxygen per sq. cm., in surprisingly good agreement 
1 W. H. J. Vernon, Transactions of the Faraday Society, 1935, vol. 31, 
. 1668. 
. ae R. Miley and U. R. Evans, Journal of the Chemical Society, 1937, 
. 1298. 
3 F, P. Bowden and K. E, W. Ridler, Proceedings of the Royal Society, 1936, 
A. vol, 154, p. 640. 
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with the vacuum fusion results. Further, it would be noted that 
the polarimetric value of 30 A. for the isothermal oxidation of iron 
at 20° C. also agreed well with the authors’ determinations on rolled 
surfaces. 

With regard to the hydrogen found in all specimens subsequent 
to rolling, it seemed important to establish beyond doubt that this 
was derived from the oil. A certain amount of water vapour would 
certainly be adsorbed during the degreasing, transfer to and from 
the balance, &c., but it was perhaps doubtful whether this could 
account for such large amounts as those found, compare McBain,! 
however. 

Referring to Part 10 of Section VI., Mr. Winterbottom wrote that 
optical studies of oxide films on iron, in which he was engaged, 
revealed that the surface oxide was reduced by highly purified 
hydrogen in less than } hr. at about 250°C. This was in agreement 
with some early investigations of the lowest reduction temperature 
of ferric oxide made by Wright and Luff.2 In the present case 
cylinder hydrogen (electrolytic) was purified by passing it over 
heated copper at about 400° C., CaCl,, KOH, P,O,, sodium at 450° C. 
(vapour pressure about 1 mm. of mercury), a dust filter of vacuum- 
dried glass wool and cotton wool and finally P,O;. By using such 
intensive purification and an all-glass train it should be possible to 
obtain a negligible blank and to carry out stripping of surface oxygen 
at, say, 250-400° C. 


Dr. W. H. J. VERNON and Dr. F. WorMWELL (Chemical Research 
Laboratory, Department of Scientific Industrial Research, Tedding- 
ton) wrote that there was one point arising from Mr. Sloman’s paper 
(Part 2a of Section VI., dealing with application of the vacuum 
fusion method to the analysis of surface oxide films) to which they 
thought it was desirable to call attention. The oxygen content 
of 1-5 ug. per sq. cm. found in the metal surface after abrasion, 
besides being considerably smaller than that previously reported,* 
must not, in their view, be regarded as representing a continuous 
film of oxide from which subsequent temper-colour films were derived 
by a simple process of thickening. In work recently published ¢ it 
was shown that this was definitely not the case for the first-order 
“straw ”’ film (225°); here, the oxide stripped by treatment with 
alcoholic iodine solution (in the absence of oxygen) corresponded 
quantitatively with that calculated from the oxygen taken up during 
heat treatment, as measured by weight-increment. On the other 
hand, the film stripped from specimens carrying the first-order blue 


1 J. W. McBain, ‘‘ The Sorption of Gases and Vapours by Solids,” p. 305. 
London, 1932: George Routledge. 
% C. R. A. Wright and A. P. Luff, Journal of the Chemical Society, 1878, 
vol. 33, p. 1. 
8 Cf. Miley, Carnegie Scholarship Memoirs, 1936, vol. 25, p. 197. 
4 Vernon, Wormwell and Nurse, Journal of the Chemical Society, 1939, 
p. 621. 
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film (275°) incorporated the underlying primary oxide. It was 
concluded, however, that this could not have been present initially 
as a homogeneous film having the composition usually ascribed to 
iron oxide (either ferric oxide or magnetite); rather, the initial 
abraded surface was to be regarded as an aggregate consisting of 
a matrix of iron in which discontinuous oxide was embedded. 

Of the alternatives, therefore, which the author mentioned on 
p- 61 (top) as representing the condition in which the determined 
oxygen actually occurred in the surface, the writers preferred the 
last, namely, that “oxygen, or material containing oxygen from 
the Hubert paper, is forced into the surface during the process of 
abrasion.”’ In their view it was extremely unlikely to be derived 
from the general oxidation of the exposed surface, following abrasion, 
by exposure to air. Analogous evidence had recently been obtained 
in the oxidation of zinc... Here, a characteristic surface film or 
“skin”? was isolated by the volatilisation of zinc in vacuo from 
specimens prepared by abrasion with Hubert No. 1 emery paper 
(without subsequent exposure to air) but not from those prepared 
by chemical etching or by turning in a lathe. On the whole, it 
seemed reasonable to conclude that the forcing of oxide into the 
surface during abrasion was a general phenomenon, the extent to 
which it occurred being controlled very largely by the relative 
resistance to deformation offered by the metal itself. 


Dr. D. Binnie (Irlam, near Manchester), referring to Section 
VILI., wrote that on reviewing the maximum temperature attained 
in the 10-ton slab mould, Table LXXI., p. 282, it was apparent that 
the maximum temperatures for the deep position on the broad side 
of the ingot mould were above the Ac, point of the metal. 

This meant that, whilst the inner walls of the broad side, and to 
a lesser extent the narrow side, were above A,, the remainder of the 
metal had not attained this critical temperature. 

In the study of the growth of cast iron it was emphasised that 
permanent injury was done to the cast iron on passing through Ac, 
and Ar,—injury caused by the incapability of the metal to accom- 
modate itself to the volume changes. This was apparent from the 
growth noticed on any temperature-dilatation curve on grey cast iron 
which was heated above A,. 

He felt that the authors should give attention to this matter, 
since the volume change due to the metal passing through Ac, and 
Ar, must cause internal stresses of no small magnitude, and, since 
only the inner part of the metal was so affected, there would be a 
highly stressed junction where the metal had just failed to attain the 
critical point. A temperature-dilatation curve on the mould metal 
would, if this could still be done, be necessary to supply information 
on stress calculations in the heated mould. 

1 Vernon, Akeroyd and Stroud, Journal of the Institute of Metals, 1939, 
vol. 65 (advance copy). 
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From Table LXXI. it was noted with interest that the broad 
side of the mould was more affected by this phenomenon than the 
narrow side. 

He felt also that, in a detailed study of ingot moulds such as was 
given in this excellent paper, the authors should not have left the 
carbon estimation at the total carbon but should have estimated 
the combined carbon as well. An analysis of the combined carbon 
for the structure in Figs. 79 and 80 of the 90-in. slab mould would 
have been of interest. 

Any breakdown of combined carbon to ferrite and graphite 
produced a measurable volume change, and it was of importance to 
have a measure of this change in stress calculations. 

In the latter part of the report on the effect of silicon on the service 
behaviour of the mould, could the Sub-Committee say if the scheme 
of collecting the valuable data included the type of steel teemed ? 
Different types of steel had different teeming temperatures, and this 
must have an effect on the mould which might obscure benefits 
accruing from small analytical changes. 

The Sub-Committee had, he thought, been fortunate in finding 
the structural variation between the moulds showing a long life and 
the one which split prematurely, Figs. 82 to 87. Whilst in this 
instance the premature failure could be attributed to weak metal, 
there were many instances where such an obvious cause could not 


be found. 


Mr. J. A. Davizs (Cardiff) wrote that Mr. Myers and the Ingot 
Moulds Sub-Committee were to be congratulated on this Second 
Report on Ingot Moulds. The Sub-Committee, consisting as it did 
of mould users, mould makers and research men, was excellently 
constituted, and it said much for their ideas of co-operation, that 
such a lot of useful information had been made available. It was 
not many years ago, when, if a mould failed, it was often the case 
that all that happened was that the user switched over to another 
maker and hoped for the best. To-day we wanted to know why a 
mould failed and we wanted a reason, not conjecture, with benefit to 
both maker and user. 

The report, in his view, did not admit of any adverse criticism, 
but he wished to make one or two constructive comments. He 
would like some information as to whether the examples and 
graphs given for ordinary-sized moulds, referred to moulds which 
were used for bottom-teeming or direct top-teeming; the report 
did not give this indication, and he thought it was rather an 
important point, because, if moulds were used for bottom-teeming 
exclusively, then, all other things being equal, one would expect a 
longer life. 

On p. 267 it was stated that in the case of moulds below 4 tons 
in weight ‘“‘the point of highest resistance to both crazing and 
cracking in the most economical design possible may be reached 
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when a mould fails by both causes at the same time.” He would 
suggest that if the moulds were to be exclusively used for bottom- 
teeming, might it not be possible to employ a closer and more dense 
iron, because, first, there was no direct impacting of molten steel on 
the mould surfaces and, secondly, there was much less thermal 
shock, the moulds having a better chance to heat up slowly, the 
pouring time being in most cases 4 to 6 times longer, the steel rising 
very gently in the mould. The closer iron in these circumstances 
would not be so liable to crack as it would under direct-pouring, and 
at the same time would postpone the point when crazing made its 
appearance. 

The report emphasised the necessity of the proper treatment of 
ingot moulds. The user had got to do his bit towards achieving 
greater efficiency. The best of moulds, like the best of refractories 
or the best of anything else, could be spoiled by careless handling 
and treatment, and the report showed very clearly the necessity of 
an adequate number of moulds in service and adequate cooling 
arrangements. 

What the report did not do, and in his view might very well do, 
was to indicate that, although, by this insistance on proper cooling, 
&c., the amount of money locked up in the mould stock might seem 
somewhat excessive, ultimately the cost per ton was going to be 
less. This was, he knew, obvious to technical people, but it was not 
so obvious to men of purely commercial outlook. 

The first report showed that the annealing and weathering of 
moulds gave negative results, and it was good to know from this 
second report that the investigation was not considered conclusive. 
He liked moulds that had been allowed to cool in their sand for 
rather a long time and then kept in stock for several months, but 
he confessed that he could give no real evidence in support of this 
preference; some reason might emerge from further investigation. 

He would stress the importance of perfect cores in mould manu- 
facture. He had had recently one or two mysterious cases of crack- 
ing of isolated ingots which had been bottom-poured. He found 
that one ingot out of four on a plate cracked transversely right 
across the middle. They were centre plates approximating to the 
middle of a ladle of 90 tons in both cases, and this single ingot out 
of 28 had obviously had a bad pull. The teeming speed was right, 
round about 12 cwt. a min. ‘The remainder of the ingots in the 
cast were perfect, and apparently there was nothing the matter with 
the mould, which was new, but he found that after the mould was 
cooled off, on the application of a straight-edge there was a distinct 
concavity, elliptical in shape, about 12 in. in length and at the same 
spot as the pull in the ignot. The pull had evidently occurred early 
and there was no difficulty in stripping; the ingot did not require 
pushing, it slipped out easily. 

This slight concavity, he thought, came from an imperfect core, 
and he would suggest to mould makers that it would be well worth 
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while to check cores with a straight-edge before insertion in the 
flask ; maybe it was already done. 

On p. 269 the influence of service conditions was discussed. 
He would ask the Sub-Committee whether they had any information 
as to the effect on mould life when the steel was wholly dead soft or 
wholly hard. What he had in mind were the notoriously long lives 
of moulds in Continental Bessemer shops making dead soft steel. 
In his own Bessemer experience, they used to ‘‘ bosh ” the moulds 
direct from the ingot, completely submerging them and without any 
apparent harm. Did the Sub-Committee think that boshing or 
other rapid water-cooling arrested to any extent the commencement 
of crazing? He raised this point because he thought it might be of 
interest now that we have in Britain two modern basic Bessemer 
shops in addition to the acid Bessemer plant at Workington. 

On p. 270 the influence of phosphorus was discussed and a per- 
missible limit up to 0-2°% for ordinary moulds was given. He had 
not used moulds with phosphorus contents between the hematite 
limits and 0-2°%, but he was obliged at one time to use moulds that 
always had about 0-3°% of phosphorus. Those moulds were de- 
finitely inferior and only gave a life of 60 or thereabouts. 

On p. 271 the manufacture of a special big mould was described, 
and he noticed that 76 tons of metal were cupola-melted and 22 
tons were melted in a coal-fired reverberatory furnace. Was this 
because there was not sufficient melting equipment in the way of 
cupolas, or was it considered that the product from the air furnace 
was superior? It was stated that special care was taken to ensure 
uniformity of composition; that, he took it, meant that the chemical 
analysis was uniform, but was the material uniform physically ? 
Would it not be correct to say that when special grades of iron were 
made by melting on a reverberatory hearth, for any given analysis 
the structure was much more refined than if the same metal had 
been melted in a cupola. This was the advantage claimed for super- 
heated refined irons made on reverberatory hearths, the graphite 
being in a much finer state of division. Had the Sub-Committee 
any information as to moulds made entirely from air-furnace-melted 
iron ¢ 


Mr. J. B. R. Brooke (Scunthorpe, Lincs.) wrote that the Second 
Report of the Ingot Moulds Sub-Committee could not properly be 
considered without reference to the First. Notwithstanding the 
decision of the Sub-Committee at the outset to concentrate on 
factors affecting ingot-mould life only in the first instance, the more 
one went into the whole subject the more numerous became the 
points which called out for scientific consideration. Nevertheless 
this Report was remarkable for the number of factors upon which 
definite conclusions had been reached, and it was therefore with 
something approaching disappointment that one found in reading it 
that this list of points had come to an end. In fact, when one came 
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to a headline “‘ The Basic Causes of Cracking,” the practical man was 
apt to feel that he need read no further reports of the Ingot Moulds 
Sub-Committee until such time as he was informed in the lobbies of 
the Institute that the fundamental work had been finished and 
practical conclusions reached. 

This was not intended as a criticism of the manner in which the 
investigation had been approached. Rather it was leading up to a 
suggestion that such fundamental work was to some extent pre- 
mature, and that before such work was undertaken, the conclusions 
which had been reached in the First Report should be definitely 
crystallised. Speaking from a practical point of view, he would 
welcome the issue of a brief pamphlet showing the effects of the 
conclusions contained in the First Report, when applied to the 
design of certain standard types of ingot moulds which were of 
general use throughout the industry. For example, while it was 
appreciated that the Sub-Committee had to make use of such 
material as they had at their disposal, it was a pity that field tests 
should have been carried out on moulds the design and composition 
of which did not conform to those indicated in the First Report. 

If one was to accept the conclusion reached in the First Report, 
namely, that a manganese content of about 1% was desirable in 
cases of moulds where failure due to cracking was liable to be the 
cause of premature failure, it seemed to him to be a waste of time to 
investigate the causes of cracking on a mould containing approxi- 
mately half this content of manganese. 

There was, incidentally, a further point which might be criticised 
in this investigation, and that was that the holes which were drilled 
to enable the thermo-couple hot junctions to be inserted, being 
situated in material which must obviously be in tension, must affect 
the distribution of the stresses involved. 

A type of investigation which would have been of great interest 
would havebeen to carry out a field test on a set of such 10-ton 
slab moulds, the grain size of which had been refined with carbon 
dioxide. 

He would not like to finish his criticism of this Second Report 
without congratulating the Sub-Committee on the First Report, and 
also on the painstaking way in which the work had been done, and 
if he suggested that this work was leading in a wrong direction, it 
was only because of his personal preference that the Second Report 
should have contained field observations which were the logical 
outcome of the First. 


Mr. A. Jackson (Scunthorpe, Lincs.) wrote that he would first 
like to confirm certain results already described by the Ingot Mould 
Sub-Committee. The first referred to the time from the tapping 
to the stripping of the ingot. 

A few years ago in his plant it was not possible to strip the ingots 
as soon after tapping as was now considered desirable from the view- 
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point of mould life, but more recently, for various reasons, more 
rapid stripping had become possible. As a result of this change 
there was little doubt that the mould life had been very materially 
increased. 

Figures for two classes of mould are shown below, these being 
6- and 10-ton slabs : 

Life 
10 Tons. 6 Tons. 
Average tap-to-strip time, 3 hr. ; ; : 46 (472) 34 (598) 
Average tap-to-strip time, 1 hr. 40 min. (since reduction) 80 (299) 85 (218) 
The figures in brackets indicated the number of moulds in the 
average shown. 

The next figures were for 4-ton closed taper-top moulds? 
(283 in. x 19-in. slab type). This type was replacing a square one 
formerly used, which had an average life of about 130. The new 
type had not yet reached these figures, but was steadily improving. 
Each mould was analysed, and the life as related to the silicon content 
was shown below; the moulds were all by the same maker : 


Silicon. % Number of Moulds. Average Life. 
1-4-1°5 4 132 
1-5-1-6 14 110 
1-6—1-7 37 107 
1-7-1°'8 34 104 
1-8-1-9 45 96 
1-9-2-0 43 88 
2-0-2:1 26 85 
2-1-2-2 6 88 

Over 2:2 6 89 


The manganese content of the moulds varied from 0-8 to 1-0%, 
and the tendency in each group shown, whilst not very pronounced, 
was for the life to increase with the higher manganese contents. 

These slab moulds failed in general by : 


(a) Vertical cracks on the narrow side. 
(6) Vertical and horizontal cracks on the broad side. 


An examination of figures for four years showed that in certain 
years the main cause of failure was the former, whilst in other years 
the latter type predominated. The lives given for each type of 
failure were analysed, and it was noticed that the smaller lives came 
from moulds which had failed owing to vertical cracks on the narrow 
side. Even the yearly averages as seen below brought this out : 

Percentage of Total Moulds Failing Number of 


by Vertical Cracks on Narrow Side. Moulds. Average Life. 
155% 232 114 
27-71% 273 100 
65:3% 179 78 
87:3% 102 64 


This was not due to a change of practice, as moulds of the 
same type by another maker showed only a small variation in life 


___ 1 Sketch shown in the First Report of the Ingot Moulds Sub-Committee 
(Fig. 151). 
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and mode of failure over 456 moulds used in the periods indicated, 
There was an almost straight-line relationship between the life and 
the mode of failure. The analyses for these moulds were not avail- 
able except as an average which revealed nothing to account for the 
difference. In the case of some 200 moulds, however, the mode of 
cracking was plotted against the silicon content and from this it 
could be tentatively suggested that the percentage of moulds failing 
by vertical cracks on the narrow side increased with increasing silicon 


in the mould metal : 
Percentage of Moulds Failing by Vertical 


Silicon. % Cracks on the Narrow Side. 
15-16 21%, 
1-6-1-7 30% 
1-7-1-8 24 Ya 
1-8-1-9 69% 
1-9-2-0 56% 
2-0-2+1 73% 


From these figures it appeared that there was some factor outside 
the steelworks which influenced the whole of the life of a mould and 
did not bear out the theory sometimes put forward by mould makers 
that if a mould survived the first few casts without failure then the 
whole cause of short life lay in the steelworks. 

Finally, if the maximum temperature of the mould in use in- 
fluenced its life, then it would be interesting if the mould tempera- 
tures attained in casting killed, semi-killed and rimming steels could 
be brought forward, as, in view of their method of solidification and 
the structure just below the skin, some difference in the rate of 
heating and the maximum temperature attained by the mould could 
be expected. , 


Mr. A. B. WinterRBorrom (Trondheim, Norway) wrote that in the 
further work envisaged by the Ingot Moulds Sub-Committee it might 
also be worth while to attempt some experimental determinations of 
mould strains as a check on the stress computations. It was clear 
that the stress history of a mould during a casting cycle must be 
extraordinary complex on account of the behaviour of the material 
at different locations and times varying from pseudo-elastic to quasi- 
plastic. It would be recollected that in the Seventh Ingot Report 
results were given of an investigation disclosing a hyperbolic relation- 
ship between the mould life and the time elapsed between teeming 
and stripping. That was to say, the time of subjection to the tem- 
perature gradient (i.e., stress) was the decisive factor in determining 
mould life. This immediately discounted the importance of growth 
phenomena and suggested cumulative creep as the basic phenomenon 
involved in the processes leading to the termination of mould life. 
As had been pointed out, the stresses at the inner surface of the mould 
would be expected to be predominantly compressive, at any rate 
during the penetration of the temperature wave with its attendant 
steep temperature gradient; but rapid creep of the weaker hot 
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metal at the inner wall under the constraint of the stronger colder 
outer wall would lead to considerable stress relief, and this, with or 
without subsequent contraction on exceeding the A, point of the 
matrix at the internal surface, might reasonably be expected to 
produce a reversal of the stress system later when the temperature 
gradient became less severe. This would appear to provide a 
plausible explanation of the origin of crazing. If this explanation 
was correct a stress-relieving soaking treatment between casts might 
be effective in prolonging the life of a mould. 

The susceptibility of a structure to thermal cracking would 
therefore in general be expected to be a function of the coefficient of 
expansion, modulus of elasticity, and inverse of the thermal conduc- 
tivity and/or thermal diffusivity of the material of which it was made, 
and also a complex function of the creep properties, thermal 
history and geometric form. Of these factors it was interesting to 
note that creep properties and thermal conductivity or diffusivity 
were most sensitive to the influence of composition and micro- 
structure. Whilst improvements in microstructure would react 
favourably on both factors, alloying elements in solution would 
in general be expected to have a favourable influence on creep 
properties but an adverse influence on thermal conductivity. In 
the case of silicon the latter effect together with the adverse effect 
on microstructure were apparently predominant. 

The problem so far as composition and microstructure was 
concerned would seem to resolve itself into finding the best com- 
promise between increased hot strength, due to the additive effects 
of refined structure and stiffened matrix, and deterioration in thermal 
conductivity, due to differential effects of the alloying of the matrix 
and refined structure. 


Mr. J. T. Wricut (Brierley Hill, Staffs.) wrote that this report 
was the work of a Sub-Committee of theoretical and practical 
experts, and was therefore one in which it was difficult to find any 
new angles of approach. It was perhaps possible to attempt to 
enlarge on some of the points raised in the report relative to some of 
the contributory causes of mould failure. 

His experience had been in connection with moulds of smaller 
capacity used in high-production steel plants; these moulds weighed 
about 68 ewt., were 6 ft. 6 in. high, 184 in. square at the top, 214 in. 
square at the base, and belted round the base. 

It was agreed without reservation that the design of a mould had 
an important effect upon its serviceable life, and in order to demon- 
strate the effect of an increase of the corner radius on the life of the 
mould, the radius was increased on moulds put into service in a 
sunk pit and in a car-casting pit-side. 

The larger-radiused mould placed in the sunk pit failed on the 
very first test, as a large crack developed vertically from top to bottom 
before stripping the first ingot. The mould analysis was found to 
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be similar to that usually giving a satisfactory life, but in the light 
of the work of this Sub-Committee, now published, it might have 
been due to segregation of the metalloids, as the investigation was 
not carried sufficiently far to ascertain all the possible reasons of 
the failure of the metal. 

A second mould of increased radius was tried on the car-casting 
pit-side, and this mould, of similar analysis, gave a normal life, 
and did not show any manifestation of cracks at the corner of the 
mould or the resultant ingots. 

As the moulds at the two pit-sides were desired to be inter- 
changeable, the increased-radius mould design was abandoned 
owing to the danger of vertical cracking of the mould and of the 
ingots produced from this design of mould. 

During recent years very few failures of moulds due to major 
cracking had been observed, but where such failure had been reported 
it appeared that the ingot had been difficult to strip. This diffi- 
culty experienced in stripping had probably caused the pitman to 
bump the mould heavily, and it was suggested that this action might 
prove to be one of the principal causes of so-called major cracking. 


The failure of the type of mould to which he referred was due in‘ 


99% of the cases to crazing. This crazing incurred difficulty in 
stripping, and if the hydraulic pusher should fail to remove the ingot, 
the pitman had to resort to the method of bumping, which caused 
the mould to fail. 

It might be of interest to give the experience that he had had, 
showing the life and the chemical composition of various moulds 
supplied by three different makers during the past seven years : 


Life of Mould. 





Phos- Man- t ‘ 
Silicon. Sulphur. phorus. ganese. Sunk Pit, 
%- %. %. %- Sunk Pit. 2 Years. Car-Casting, 2 Years. 
A. 2-04 0-049 0-043 0-62 81 (= 93-6%) eee Pe 
B. 1-94 0-052 =: 0-047 0-80 74 (= 855%) 75:2 115 (= 52-99% increase) 
Cc. 1-95 0-044 ~—-0-066 0-69 864 (= 100%) 83-3 131 (= 57-2% increase) 


It would be seen that, quite apart from the composition of the mould, 
which was remarkably constant considering the long period under 
review, the moulds of type C had given the best life. ‘These figures 
were true in every year under review. 

The lives of the ingot moulds in the sunk pit and the car-casting 
pit-side at the firm with which he was associated provided an oppor- 
tunity of showing the actual effect of preferential cooling, as the 
moulds in their sunk pit were used hot occasionally when furnaces 
were tapping quickly, owing to a certain amount of overlapping in 
the congested sunk-pit space. On the other hand, moulds used in 
the car-casting pit-side had never been used when hot, as the tapping 
times were such as to ensure all moulds being on the cool side. 

It might prove of interest to note that the same type of moulds 
used in the sunk pit and car-casting pit-sides showed a difference in 
life in favour of the preferentially-cooled moulds of about 55%, 





whi 
Ina 
tee, 
long 
inte 
pres 


typ! 
abo 
of t 
It | 
of ¢ 
a pl 
tha 


furt 
par 
of § 
of t 


wel 
unt 
mig 


wic 
ver 
tha 
eX} 


res 
mo 
inv 
use 


tio 
bo 
sus 


the 


th: 





HETEROGENEITY OF STEEL INGOTS.—COMMITTEE’S REPLY. 64] P 


which was slightly better than that of 34% shown in the report. 
In any case, these figures confirmed the findings of the Sub-Commit- 
tee, and demonstrated that preferentially-cooled moulds had a much 
longer life than those moulds which had to be used at irregular 
intervals where the danger of having to use hot moulds was definitely 
present. 

As moulds of type C had consistently given a higher life than 
types A and B, and the average silicon content of all types was 
about the same, it was suggested that the higher phosphorus content 
of type C might have an important effect upon its improved life. 
It had been his experience that a phosphorus content in the vicinity 
of 0-1% was undesirable, but he had had consistently good lives with 
a phosphorus content between 0-05% and 0-07%, as compared with 
that of moulds containing a lower percentage of phosphorus. 

The Sub-Committee might be interested in this viewpoint, and 
furthér research in this direction might be well worth while. He was 
particularly interested in the lives of the moulds containing 0-9°% 
of silicon shown in the report, and this investigation should prove 
of tremendous value to the steelmaker. 

Mould makers and users should now take care to see that moulds 
were made and supplied to uniform analysis, as it was by no means an 
unusual experience to find that although the average silicon content 
might prove to be normal, very wide differences ranging from 2-8% 
to 12% of silicon might be supplied in individual moulds. This 
wide variation in silicon content meant that one mould might give a 
very short life, and one of lower silicon content a much longer life 
than usual, although the average life appeared to be that normally 
expected. 

The work of this Sub-Committee should be encouraged, as the 
results could not fail to be of very great interest and service, to both 
mould makers and steelmakers alike, and a continuance of this 
investigation would, he was sure, prove to be of economic benefit to 
users and suppliers. 





COMMITTEE’S REPLY. 


The CommirTTeEs, in reply, expressed their thanks and apprecia- 
tion to all the contributors who had taken part in the discussion, 
both verbally and in writing; their very helpful comments and 
suggestions would receive careful consideration. 

The replies to the various contributions had been prepared by 
the authors of the Sections discussed, and would be found below. 


Section II. 
(Segregation in Steel.) 
The Autuors, in reply, noted that Principal Edwards agreed 
that a column of liquid steel might develop a concentration gradient, 
1939—i 2T 
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and so far he appeared to be in complete agreement with the authors. 
They could not agree that selective freezing and diffusion proceeding 
simultaneously accounted fully for the whole of the major segrega- 
tion which took place in an ingot. If two or more liquid phases 
were present it was unlikely that complete segregation would ever 
occur, as even a slight disturbance of the liquid would cause partial 
mixing, and some movement would undoubtedly occur during 
freezing, possibly owing to gas evolution and possibly owing to some 
slight chemical action between the metal and pot during the whole 
molten period. The experiments, however, seemed to show that 
there was a general tendency for the soluble impurities to move 
upwards. 

Principal Edwards stated that the last part of a piped ingot 
to freeze was that portion at the base of the pipe cavity. He 
seemed to suggest that, therefore, this was the portion of the ingot 
with the lowest freezing point; it was, however, the portion which 
was the last to reach its freezing temperature, but there might very 
well be material of lower freezing point in other parts of the ingot. 
Of course, the liberation of gas during freezing would affect the 
distribution of the impurities, and more so if there were two liquid 
phases. Fig. 4 wasa sulphur print of an ingot melted under nitrogen, 
not hydrogen, so that the last paragraph of Principal Edwards’ 
remarks did not apply. 

Mr. Russell’s suggestion to cool the ingot as rapidly as. possible 
was good, but this would increase the practical difficulties 
enormously. Incidentally, the metal was completely frozen within 
15 min. of shutting off the current. The loss of manganese during 
the melts had disturbed the authors, and attempts had been made 
to ascertain the reason. It was probable that most of the man- 
ganese was absorbed by the pot, although there was a possibility 
of some volatilisation. The fact that the analyses of the final ingots 
were not that of a commercial steel did not seem to detract materially 
from the value of these particular experiments. The authors 
thought that it was quite possible that the sulphur was present 
in molten steel as FeS, and only combined with the manganese on 
freezing. 

They wished to thank Dr. Gregory for his confirmation of their 
suggestions. They agreed that complete separation of the immiscible 
liquids would rarely, if ever, occur. They were most grateful 
to him for bringing forward such evidence in favour of their 
theory. 

In reply to Dr. Northcott, temperature measurements were taken 
periodically throughout the whole of the heating and at the com- 
mencement of the cooling periods. In most instances the thermo- 
couple broke down soon after the metal froze. The temperature 
was maintained as nearly as possible at 1530 + 10° C. during the 
melting period and certainly it was never allowed to cool to a 
temperature below the liquidus (see p. 8, line 4 of the paper). Com- 
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plete separation would be obtained only under perfect heating 
and cooling conditions, and therefore a sharp line of demarcation 
was not to be expected. 

In reply to Mr. Hacking, it was admitted that the long narrow 
column was chosen in order to emphasise any possible separation 
of liquid phases. The figures quoted were taken from the earlier 
experiments of Professor Andrew. In the present series of experi- 
ments an ingot was allowed to solidify immediately after it had 
become molten, and this was used as a check against those main- 
tained in the molten condition over long periods. In these cases 
the other conditions were precisely similar. The present experi- 
ments were concerned primarily with sulphur and phosphorus, and 
the possibility of the separation of a silico-manganese-rich phase 
was not examined. 


Section III. 
(Oxygen Determinations on Bath Samples.) 


The AutTHors, in reply, said that they wished to thank Mr. 
Rooney for his contribution to the discussion and especially for 
giving particulars of his confirmatory work on a 1-4% carbon steel. 
They thought that the form of the undecomposed carbide was 
important but not vitally so. A considerable amount of work 
had been done since the publication of the report on high-carbon 
steels, but the authors had found practically no difference between 
similar samples that had been decomposed in deoxygenated alcoholic 
iodine solutions and in solutions that had not been deoxygenated. 

They were interested to learn that Mr. Rooney was prosecuting 
similar work to their own. 

Mr. Taylor-Austin’s remarks were very interesting. Un- 
fortunately, they were unable, at the present time, to say in what 
way the carbide and phosphide were interrelated, but that some 
interrelation existed was evident from their results. 

They greatly appreciated confirmation of their results from 
such an expert on inclusion counts as Mr. Whiteley. Particularly 
pleasing to them was his observation of FeO in sample No. 6, for 
the authors had been at a loss to explain the high iron values of that 
sample. 

Dr. Desch’s remarks on the solubility of varying forms of carbide 
were very true. As had been pointed out in the Report, the ultimate 
difference in the form of the carbon was to be found in the irons. 
Mr. Taylor-Austin’s results showed that a grey iron caused little 
interference, whereas a white iron caused the maximum interference 
during solution. They had since carried out extensive work on 
heat-treated high-carbon steels. These results confirmed Dr. 
Desch’s hypothesis. Quenched steels had always given a lower 
i, section in the residue than spheroidised samples of the same 
steel. 
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Section VI. 
(Oxygen Sub-Committee’s Report.) 


On behalf of the Sub-Committee, Dr. SwInDEN expressed his 
thanks to Dr. McCance for the encouraging remarks that he had 
made concerning the work of the Sub-Committee as a whole. 

Confining himself for the moment to the discussion of Part 28 
on fractional vacuum fusion, Dr. Swinden would emphasise that 
the authors’ aim here was to find an alternative to the residue 
methods for the separation of oxides. The accuracy of this separa- 
tion continued to be distinctly encouraging, a considerable number 
of steels having been examined by the fractional method since the 
publication of the paper with equally satisfactory results as those 
published in the paper. _ At the same time, it was frankly admitted 
that Dr. McCance and, in greater detail, Dr. Reeve stated accurately 
the basic principles underlying the process. It was unlikely that 
the fractional method would, in all cases, provide an absolute 
criterion of the composition of the oxygen-bearing constituents, 
because it was fairly certain that where the inclusions were of com- 
plex type some overlapping of the fractions would occur. 

The authors were particularly grateful to Dr. Reeve for his 
supplementary remarks on the fractional method and for the diagram 
submitted. In line with his remarks, the authors had found 
FeO and MnO to be difficult to separate from each other on account 
of the small temperature range involved and the fact that the 
actual temperature was only slightly above the melting point of the 
tin-iron melt. In their experience the separation of the second 
and third fractions was much easier to accomplish than the separation 
of the first and second fractions. 

Concerning nitrogen, the authors could only say that the ex- 
periences of Dr. Reeve and of Hoyt and Scheil had not been met 
in any of their tests. In all the samples so far examined, the bulk 
of the nitrogen had been found in the last fraction. It must be 
remembered, however, that the previous workers were dealing 
essentially with weld metal. 

As stated in this Part of the report, the object in view was to 
provide, if possible, a rapid and accurate determination of the FeO 
or possibly FeO -+- MnO fraction which existed in the steel in a readily 
reactive state. It was thought that the result of such a determina- 
tion would have a definite bearing both on steelmaking reactions 
and on the ultimate quality of the product. It was at least an 
effort to provide an alternative to the chemical residue methods 
pending a simplification of such methods for this purpose. 


Mr. SLoMAN, in reply, wrote thanking those contributors who had 
discussed his paper on the vacuum fusion method (Part 24). 
Dr. McCance suggested that an attempt should be made to bring 
the method within the orbit of works conditions. The author's 
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view was that the method was already such as could be operated 
by a good works metallurgist or chemist after a certain amount of 
practice. Other apparatus consisting largely of silica and/or glass 
were already in use in works laboratories, and he saw no reason why 
this one should not be. The chief point to be considered was not 
the material from which the apparatus was constructed but the 
degree of technical skill of the operator. This, in the author’s view, 
must always remain considerable, but he felt sure that there was a 
large number of young chemists who could, with a little practice, 
handle the apparatus successfully. 

Dr. Reeve, although referring to the fractional vacuum fusion 
method as distinct from the ordinary vacuum fusion method, raised 
the question of the time necessary for a determination. This was 
considerably increased by the necessity for prior de-gassing of the 
system after each assembly. As he stated, methods already existed 
for introducing samples into a previously de-gassed equipment. 
The author would like to thank Dr. Reeve for bringing this point 
forward, as he felt that many directors of works laboratories were 
unaware of it and were thus averse to setting up the equipment. 
The methods referred to by Dr. Reeve had already been tried out 
successfully, and, as a further step, designs existed whereby a battery 
of furnaces could be run from one large pump if occasion arose. 

Dr. Vernon and Dr. Wormwell’s contribution dealt with the 
interesting point of the state of the oxide film on abraded surfaces. 
This point was more fully dealt with in their paper to which they 
gave areference. At the time of publication of the Second Report 
of the Oxygen Sub-Committee, this paper was not in print and a 
complete reference could not be given. Moreover, the evidence 
on which the contributors based their view was not available. 
It was thought best, therefore, to set down at the top of p. 61 all 
the possibilities. As a result of reading the paper by Vernon and 
Wormwell since that time, the author agreed with their view that the 
initial abraded surface was to be regarded as an aggregate consisting 
of a matrix of iron in which discontinuous oxide was embedded 
and that the last of the possibilities at the top of p. 61 was to be 
preferred. 

Mr. Winterbottom, in his contribution, raised some interesting 
points. Polarimetric measurements on freshly abraded carbonyl 
iron corresponded to a film of about 100 A. From this figure he 
deduced that the weight of oxygen was 1-58 x 10-® g. per sq. em. 
which compared with the author’s figure of 15 < 10-6 g. per sq. cm. 
It would appear, however, that this close agreement was probably 
fortuitous, because, in order to deduce the above weight, Mr. 
Winterbottom assumed a continuous homogeneous oxide film, 
whereas the evidence suggested that this was not the case (see 
the contribution by Vernon and Wormwell). With regard to the 
hydrogen found in all the specimens after rolling, the author agreed 
that it was very doubtful that this could have been derived from 
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adsorbed water vapour during subsequent operations. In his view 
it must be accepted that the hydrogen was derived from the oil 
during rolling. 

Section VII. 

(Pyrometry.) 


Mr. Excock, Chairman of the Liquid Steel Temperature Sub- 
Committee, in reply, wished to express on behalf of the Sub-Com- 
mittee their appreciation of the way in which their Report had been 
received and their thanks to those who had contributed to the 
discussion. 


Section VIII. 
(Ingot Moulds Sub-Committee’s Report.) 


The Incot Movutps Sus-CommitTEE regretted that time did 
not permit consideration of their report at the May Meeting of the 
Iron and Steel Institute and greatly appreciated the various con- 
tributions made in writing. 

They agreed with Dr. Binnie as to the importance of the pearlite- 
austenite change point and the stresses set up consequent upon the 
change in volume if this temperature was exceeded. In this con- 
nection temperature-dilatation test data were already being obtained 
on ingot-mould irons as part of the information required by the 
Sub-Committee for the stress calculations. 

The determination of combined carbon in cast iron was a matter 
of some difficulty. The usual method was to take the difference 
between the estimations of total and graphitic carbon. This 
introduced a double source of error, which might be initially high 
because of sampling difficulties associated with very coarse graphite 
irons. 

The colour method for determining combined carbon directly, 
such as was used for steels, was not so easily applied to cast iron in 
the absence of suitable standards. 

It was considered, therefore, that a careful study of the micro- 
structures would afford more information than a chemical analysis 
of combined carbon. In the present instance the carbide of the 
90-in. slab mould was seen to be remarkably stable. Fig. 80 did 
not show ferrite outlining the graphite flakes, as would have been 
expected had the pearlite been decomposed. The ferrite which was 
present surrounded the pearlite colonies and suggested a redistribu- 
tion of the carbide associated with the finer pearlite grain. It might 
be mentioned that in areas adjacent to that shown in Fig. 79 there 
was a greater proportion of ferrite. Micrographs showing accurately 
the true proportions of ferrite and pearlite would need to be larger 
than was suitable for reproduction in the present report. Near the 
working face pearlite did not begin to disappear until there was 
considerable oxide penetration, and the most important volume 
changes here were thus brought about by internal oxidation. 








tee 
for 


for 
use 
lov 
dic 
cay 


ba: 
me 


Ins 








HETEROGENEITY OF STEEL INGOTS.—COMMITTEE’S REPLY. 647 P 


Regarding Dr. Binnie’s question on the effect of silicon, the 
records from which these data were obtained did include the type 
of steel made, and since the moulds were kept strictly in sets each 
mould of a particular set received steel from the same casts as every 
other mould in the set. The normal casting-pit variables, such as 
quality of steel, temperature, method of teeming and time of 
stripping and re-use, were therefore reduced to a minimum; thus 
the variation in the lives of the moulds contained in any particular 
set might be reasonably attributed to the inherent quality of the 
moulds themselves, in which the silicon content, as shown, played 
a most important part. 

The Sub-Committee agreed that many cases of premature 
cracking could not be ascribed solely to weak metal; indeed, this 
type of failure had occurred in very strong moulds such as the 
four semi-iron moulds described in the Sub-Committee’s First 
Report.!_ Other possible reasons were suggested in the present 
report. The 64-ton slab mould, however, was not by any means 
an isolated instance of the phenomenon. The British Cast Iron 
Research Association had investigated other cases of premature 
failure for the Sub-Committee and noted similar variations of graphite 
size and structure. Mechanical tests had not been carried out in 
every case, but it had been observed that such moulds were more 
easily broken up than satisfactory moulds of similar design, suggest- 
ing that the mould metal as a whole was weak. Conversely, this 
heterogeneity of structure had not been observed in moulds giving 
exceptionally good lives. 

The appreciative reference to the work of the Sub-Committee 
by Mr. Davies was encouraging. His suggestion that bottom- 
teeming tended to promote longer life of the mould than direct- 
teeming was confirmed in the First Report. 

The graphs to which he referred concerned moulds used primarily 
for bottom-teeming, and indeed for 90% of their usage. Probably, 
as Mr. Davies suggested, a closer iron could be used with advantage 
for up-hill work, but in the steel plant in question 24-in. moulds 
used exclusively for direct teeming, which were made of the same 
low-silicon metal as the 224-in. square moulds for up-hill teeming, 
did not show any increased tendency to major cracking. 

With regard to the point raised by him in connection with 
capital tied up in extra mould stocks, the following approximation 
based on the practice and experience of one of the Sub-Committee 
members might serve to illustrate the point : 


With a weekly production of 10,000 tons of steel, using 
6 sets of moulds, the average life would probably be 80 at 
a mould cost of the order of 1s. per ton of steel made. By 
bringing into commission 10 sets of moulds a mould life of 


1 Seventh Report on the Heterogeneity of Steel Ingots, Iron and Steel 
Institute, 1937, Special Report No. 16, p. 150. 
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120 could be expected, which would reduce the mould cost to 
8d. per ton. This would represent an annual saving of the 
order of £8,000. The interest at 5°% on the £3,600 locked up 
in the additional 4 sets of moulds, viz., £180, was insignificant 
compared with the amount saved. 


Mr. Davies’ reference to long lives obtained with moulds in 
Continental Bessemer plants raised a number of important points. 

The relative effect of high- and low-carbon steels on mould life 
was shown in the First Report. Longer life could definitely be 
obtained with the lower-carbon steels, but this aspect had hardly 
been expressed quantitatively. 

Again, “ boshing”’ probably had little actual effect on the 
mould; indeed it might even be to its disadvantage, but the fact 
that an adequate supply of cold moulds was always available, 
together with the consistently short interval between teeming and 
stripping customary in Bessemer plants, would have a profound 
effect in favour of prolonging mould life. It should be borne in 
mind, however, that long life, although a desirable quality, was not 
the only determining factor in mould cost. Figures quoted of mould 
life might be seriously misleading, since in general the life of any 
mould could be prolonged by increasing the wall thickness. The 
basic factor in mould cost was the weight of mould material con- 
sumed per ton of steel produced. 

Mr. Davies’ reference to the statement in the Second Report 
that phosphorus contents up to 0-2% might not be deleterious but 
even beneficial, and his own experience of the premature failure 
of moulds containing about 0-3%% of phosphorus, were not in 
disagreement with the Sub-Committee’s views. On p. 189 of the 
First Report, Pearce stated that moulds having small phosphorus 
contents, but above a hematite-iron value, had been reported as 
yielding good lives, since below about 0-3% of phosphorus the 
phosphide eutectic was not present in sufficient quantity to form a 
continuous network and thus was not a determining factor with 
respect to thermal shock. Above 0:3%, however, the tendency to 
fail under thermal shock would predominate. 

Again, in the same report (p. 148) it was shown by experiment 
that moulds having phosphorus contents of 0-17 and 0-24% gave a 
substantial increase in life over those made from normal hematite 
iron. 

The question of the relative merits of air-furnace and cupola- 
melted irons for moulds was one which was receiving attention by 
the Sub-Committee, but as yet no experiments had been carried 
out in this field. 

In replying to Mr. Brooke and his concern regarding the character 
of the work undertaken by the Sub-Committee, they wished to point 
out that there was no intention to change over completely from the 
practical to the purely scientific aspect, and that was hardly sug- 
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gested in the Second Report, having regard to the section dealing 
with the effect of silicon on the service behaviour of the mould. 
They wished to stress, however, that results obtained by co-ordina- 
tion or field work alone did not reveal the basic causes of mould 
failure, and no true interpretation of the results could be made 
without a knowledge of the fundamentals involved. The two 
aspects of the work, therefore, should proceed concurrently. 

The suggestion that the experiment on the 10-ton slab mould 
should not have been conducted on a mould having a manganese 
content below that recommended (but with certain reservations) 
by the Sub-Committee, was scarcely relevant. The fundamental 
cause of cracking, the discovery of which was the ultimate object of 
the experiment, would apply irrespective of the composition of 
the mould metal, bearing in mind that the physical properties 
of that particular material would be measured. 

His further point, regarding the effect of the numerous holes 
on the distribution of the stress, hardly applied, since in this experi- 
ment the Sub-Committee were only concerned with the tempera- 
ture gradient and not with the direct measurement of stresses. 
Further, the size of the holes compared with the bulk of metal 
surrounding them was too small to affect the temperature gradient. 

Regarding his last point, the Sub-Committee perhaps understood 
his disappointment at the lack of results in the Second Report 
which were of direct application to practice, but they wished to 
point out that the First Report was largely intended to demonstrate 
how every high-production plant in Britain could determine for itself 
the relative importance of the various factors affecting mould life 
by co-ordination and experiment. It was perhaps disappointing, 
therefore, that more contributions were not submitted giving results 
of individual works investigations. 

The Sub-Committee were very interested in the contribution 
submitted by Mr. Jackson, particularly as his results on the effects 
on mould life of more rapid stripping and of the silicon and man- 
ganese contents of the mould metal were all in agreement with 
their own. It was evident that Mr. Jackson was making full use 
of his system of recording mould history, and they would welcome 
further contributions from him. 

The dependence of narrow- or broad-side failure of the slab 
mould on high or low silicon contents of the mould metal, respectively, 
and the longer life associated with the broad-side failure were interest- 
ing, although at the moment the reason was obscure. The Sub- 
Committee would welcome an opportunity of examining the problem 
in greater detail, as it directly concerned their present work. 

The question of the effect on mould life of various types of steel - 
by their influence on the temperature attained by the mould sug- 
gested a useful investigation. 

Mr. Winterbottom’s suggestion that an experimental determina- 
tion should be made of mould strains as a check on the stress compu- 
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tations had actually been envisaged by the Panel undertaking this 
work. In this connection it had been decided to make extenso- 
metric observations in the laboratory on model moulds. 

His theory of the mechanism of crazing had been put forward 
before, by Bailey and others. The suggestion that cumulative 
creep under stress was the operative factor did not discount the 
importance of growth, since this might contribute towards the 
compressive stresses in the inner layers which led to plastic deforma- 
tion. There was evidence that growth itself was accelerated very 
considerably by the presence of stress such as might cause fissuring 
alongside graphite flakes. Growth still further increased these 
stresses, and the process became additive. It was probable that the 
immediate course of crazing was plastic flow under compressive 
stresses followed by rupture under tensile stresses, but the original 
compressive stresses might be due to growth as well as to tempera- 
ture gradients. A further effect of the internal oxidation which 
characterised growth was the reduction of strength, which enabled 
the material to rupture more easily under the subsequent tensile 
stresses. 

It was doubtful whether annealing for stress-relief between 
casts was of benefit in retarding crazing, for the following reason. 
If a heating and cooling cycle began with the mould in a state of no 
internal stress, at the end of the cycle the inner mould surface would 
be in tension (assuming, according to the theory, that plastic flow 
under compression had taken place earlier in the cycle). If the cycle 
was immediately repeated this tensile stress would neutralise to 
some extent the compressive stress in the inner wall which was set 
up in the first part of the cycle and so would reduce the degree of 
plastic compression, on which the degree of crazing depended. Hence 
annealing might be expected to hasten rather than retard crazing. 

Mr. Wright raised a number of interesting points. The adverse 
effect which an increase of the corner radius had on the life of the 
mould was important, although it was perhaps unwise to draw 
conclusions from an isolated case. The effect, however, which 
larger corner radii had in promoting increased susceptibility of the 
ingot to crack had been confirmed by other steelmakers. 

The variation in the lives of moulds of the same type and com- 
position obtained from different sources was a question which the 
Sub-Committee hoped to elucidate. It was doubtful in the present 
case whether there was sufficient difference in the phosphorus content 
of the mould metal to account for the whole of the difference in 
mould life observed. It would be remembered, however, that in 
the First Report phosphorus contents of 0-17 and 0-24% were 
shown to have given substantial increases in mould life compared 
with the normal hematite value. 

The influence on mould life of the sunk pit compared with the 
casting car was important and, as Mr. Wright had suggested, was an 
argument in favour of adequate cooling equipment. 
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FIRST REPORT ON REFRACTORY 
MATERIALS. 


By a JOINT COMMITTEE orf trHe Iron AND STEEL INDUSTRIAL RESEARCH 
CoUNCIL AND THE BRITISH REFRACTORIES RESEARCH ASSOCIATION, 


This Report is published as Special Report No. 26; it was presented at the 
Annual General Meeting of the Iron and Steel Institute in London on May 4, 
1939. The discussion, correspondence and Committee’s reply follow the 
summary below. 


SUMMARY. 


The Report, comprising 478 pages, is divided into three main 
Sections, the first of which consists of a foreword explaining the 
events leading up to the formation of the Joint Committee, a list of 
the members of the panels and committees, and abstracts of all the 
papers which make up the Report; the second Section comprises 
the papers concerning steelworks refractories, and the third those 
dealing with blast-furnace linings. 

The second Section is divided into nine parts, of which the first 
is introductory in character. Part 2, by A. E. Dodd and A. T. Green, 
is a review of the refractories used in the production of steel by the 
basic open-hearth process and it covers not only those used in the 
furnace itself but also those in the casting pit. In Part 3, W. J. Rees 
and T. R. Lynam consider the properties of mixtures of chrome-ore 
and silica when moulded into briquettes and fired, and discuss also 
the chrome-alumina and the chrome-magnesite series. Part 4 con- 
sists of two papers, both by A. A. Chadeyron and W. J. Rees, in 
which they report on experiments on chrome-magnesite-dolomite 
mixtures; the first concerns the effect of variations in the chrome- 
magnesite-dolomite ratios on the firing shrinkage and resistance to 
hydration, and in the second the relationship between free lime and 
hydration is considered. W. Hugill and A. T. Green discuss in 
Part 5 the factors influencing the durability of chrome-magnesite 
bricks in basic open-hearth furnaces; in bricks taken from the 
roof, side walls and blocks of such a furnace they found that the 
former hot face of these bricks was covered with a loose, granular, 
blue-black layer which readily fell away, and that spalling had 
occurred in the zone behind this, and they study the causes. In 
Part 6, W. Hugill examines certain members of the spinel group of 
minerals prepared from chemically-pure materials and relates their 
properties to the behaviour of chrome-magnesite bricks in service. 
Part 7 is a study by A. A. Chadeyron and W. J. Rees of the tridy- 
mitisation of silica bricks. The authors have experimented with small 
additions of sodium metaphosphate and of calcium metaphosphate to 
silica bricks with the object of producing a high proportion of tridy- 
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mite. Part 8, by the Open-Hearth Refractories Joint Panel, occupies 
only two pages, but is nevertheless very important, for in it the 
panel has drawn up a scheme of nomenclature for describing the 
various sections of the open-hearth furnace; the scheme is a com- 
promise of the divergences which have long existed in different 
districts. Part 9, which concludes the second Section of the whole 
Report, is a progress report by the Open-Hearth Refractories Joint 
Panel and contains a summary of the investigations up to date. 

The Section on blast-furnace linings commences with Part 10, 
which comprises two papers, the first by A. T. Green and W. Hugill 
and the second by W. Woodhouse, W. Hugill and A. T. Green. In 
both papers the condition of the bricks taken from blown-out blast- 
furnaces is the subject of a thorough study; the samples examined 
were taken at regular intervals down the stack and bosh, from differ- 
ent positions at various levels and the bricks from the hot face, the 
middle and the back of the lining. Part 11 deals with the action of 
slags, and in the first of the two papers W. Hugill and A. T. Green 
describe three methods by which they tested the action of four blast- 
furnace slags on silica, clay and aluminaqus refractories. In the 
second paper W. Hugill, R. L. Ainsworth and A. T. Green study 
the corrosive action of lime itself by one of the methods described in 
the previous paper. Part 12 is devoted to the action of alkalis on 
refractory materials, and it commences with a summary by F. H. 
Clews and A. T. Green of the investigations of this subject prior to 
1938. ‘This is followed by two papers, in the first of which F. H. 
Clews, H. M. Richardson and A. T. Green examine the reactions of 
sodium chloride vapour with refractory materials at 1000° C. In the 
second paper the same authors report on the alterations in strength 
when refractory materials are exposed to potassium chloride vapour 
at 1000° C. 

The subject of jointing cements forms Part 13, and this also begins 
with a summary, by F. H. Clews and A. T. Green, of the earlier 
investigations. The remainder of this part consists of a survey by 
F. H. Clews, H. M. Richardson and A. T. Green of the working and 
refractory properties of twenty-two commercial cements of various 
types. Part 14 is devoted entirely to the refractoriness-under-load 
test and in it F. H. Clews and A. T. Green summarise the investi- 
gations prior to 1938, and then report on the behaviour of some 
firebricks at temperatures between 1300° and 1450° C. under in- 
creasing load. A paper by the same two authors and W. F. Ford, in 
which they describe and present the results of similar tests on silica, 
chrome and magnesite products, completes this part. The Report 
concludes with Part 15, in which G. R. Rigby and A. T. Green present 
a progress report of investigations for the Blast- Furnace Refractories 
Panel. Abstracts of the individual papers will be found in Section 
IT. of this Journal. 
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DISCUSSION. 


Dr. 'T. SwINDEN (Member of Council, Stocksbridge, near Sheffield), 
Chairman of the Joint Refractories Research Committee of the Iron 
and Steel Industrial Research Council and the British Refractories 
Research Association, presented the Report, and by way of general 
introduction remarked that about two years ago it began to be felt 
quite definitely that insufficient attention was being paid to the 
subject of refractory materials by the iron and steel industry. A 
certain amount of work was being carried out by the British Refrac- 
tories Research Association, but this was limited by the funds at 
their disposal. It was considered that greater interest should be 
taken by the Iron and Steel Federation and additional financial 
assistance given to further the work. Some reorganisation therefore 
took place; and, while there was little alteration in the personnel 
and method of procedure in the case of blast-furnace refractories, the 
Open-Hearth Refractories Joint Panel was reorganised, the object 
being to get together a body of men from both sides, both producers 
and users of refractories, actually engaged in research. The list of 
the personnel of that panel showed that it was thoroughly representa- 
tive and consisted of a body of men well qualified to deal with the 
subject. 

One common ground on which manufacturer and user could get 
together was that of the testing of refractories, on which there 
had been and still was a difference of opinion and plenty of room for 
further work. Under the chairmanship of Dr. Sarjant a committee 
had been dealing with that subject and had done excellent work. 

His sole object in introducing the Report was to solicit interest 
in and support for the work. At the Open-Hearth Conference it was 
quite obvious that the importance of refractories cost was well 
recognised, and the Report dealt with an effort, representing two 
years’ hard work, to create not only greater interest but a much 
closer liaison between the producer and the user of refractories. 
Personally, he felt very well satisfied with the result, and he would 
like to take the opportunity of thanking the members of the panels, 
who had attended the meetings with great regularity and discussed 
the subjects very constructively. 

The Report was somewhat bulky, because it was thought desirable 
to include in it a very extensive survey of open-hearth refractories 
by Mr. Dodd and Mr. Green which had been regarded as a base-line 
from which to consider further work. It was to be hoped that as the 
work continued there would be contributions from the laboratories 
of individual works—he could promise it in the case of his own 
laboratory—in addition to the work which was being carried out in 
the laboratories of the British Refractories Research Association. 

He would like to conclude by paying a tribute to Mr. Green 
for the energetic direction which he had given throughout, and 
for the assistance which he had rendered in bringing together two 
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interests which at one time were regarded as perhaps not seeing eye 
to eye on the main issue, but which now definitely did so. 


Mr. A. T. GREEN (Director of Research, British Refractories 
Research Association), who also contributed a brief introduction, 
mentioned that work was beginning on measuring the temperature 
of the roofs of steel furnaces, because unless the temperature of the 
roof of a steel furnace during the whole of the operation of steel 
melting was known it would be difficult to define the types of materials 
which would be adequate in that position. The same applied to 
blast-furnaces, and in that respect, with the help of Mr. Evans, they 
had been able to visit a very considerable number of furnaces 
during the past seven or eight years and obtain a first-hand know- 
ledge of what was happening in the blast-furnace itself by taking 
samples from blown-out furnaces and studying them over a number 
of years. They had now taken that a stage further, and were en- 
deavouring to measure the change in the temperature gradient 
throughout the furnace wall during the whole blast-furnace campaign. 
He was convinced that work of that nature would make it possible 
to appreciate what was happening in the furnace, and that would 
have its reactions on the work in the research laboratory. 


Lt.-Col. C. W. Tuomas (Stourbridge) said that as Chairman of 
the British Refractories Research Association it had been a matter of 
very great personal satisfaction to him to see that the subject of 
refractories research was being more thoroughly taken up. For a 
good many years after the Association was started there had been 
a definite lack of interest in refractories research, and many of those 
connected with it became somewhat disheartened; but he was glad 
to say that that phase had passed, as was amply proved by the 
Report now presented. To what extent the present Chairman of 
the Committee was responsible for the awakening he did not quite 
know; Dr. Swinden gave those concerned a good stirring up a few 
years ago, and it might be that the awakened interest was in no 
small measure due to his activities upon that occasion. 

Personally, he was also interested in the present discussion from 
the point of view of a maker of refractories, and he had read the 
Report with a good deal of interest. There were several things in 
it which afforded food for thought. For example, he noticed that 
at the end of the Report there was a reference to the temperatures 
which had been found in the lining of a blast-furnace which was 
under investigation at the moment, a temperature of 1560° C. having 
been found a few feet above the tuyere. He had seen references to 
temperatures even higher than that, in other periodicals, and as a 
manufacturer, he could not help wondering whether temperatures 
of that order were to be expected in future as part of normal working 
conditions. 

He had also been interested in the conclusions which, he thought, 
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might legitimately be drawn from some of the data given with regard 
to different types of refractories. He knew that Mr. Green regarded 
him as a complete heretic on such matters as tests on refractoriness- 
under-load, but he would point out that in the case of a blast- 
furnace with a height of, say, 72 ft. above the tuyeres, there was a 
pressure of about 61 lb. per sq. in. on the lining at that point. High- 
alumina bricks had a tendency to soften over a considerable range, 
and he was wondering what the effect of a high percentage of alumina 
in a brick was likely to be under those conditions. A good deal of 
attention had been directed to the alumina content of refractories 
for certain purposes, and personally he was inclined to think that the 
chemical analysis side of the matter had been given undue promi- 
nence. 

He had had a good many years’ experience in making and selling 
refractories, and his conclusion for a long time past had been that 
the physical make-up of the brick, the complete and if possible 
uniform burning of it, and to a certain extent also the physical 
composition of the clay from which it was made, had a good deal of 
bearing on the future life of the brick. The most important thing 
in any refractory—and here he was probably putting a stick into 
the users’ hands to be used against bimself—was the physical con- 
struction, the make-up of the brick itself. If the brick was not 
almost homogeneous, if it had not been burned at the same temper- 
ature all through, it was not possible to get the best out of the 
material. 

He again expressed his satisfaction that refractories research was 
being more vigorously taken up. He had been associated with Dr. 
Mellor when it was first started, and his chief regret to-day was 
that Dr. Mellor was not alive to see the keenness of the interest 
which had been aroused in the subject with which he was so much 
concerned. 


The Report was discussed in two sections, Section B, Steelworks 
Refractories, and Section C, Blast-Furnace Refractories, being taken 
separately. 


Discussion on Steelworks Refractories. 


Dr. R. J. Sarsant (Sheffield), who opened the discussion on steel- 
works refractories, made it clear at the outset that his remarks were 
not to be taken as coming from a member of the Committee, because, 
although he had the privilege of being a member of the Open-Hearth 
Panel and of being Chairman of the Committee which was dealing 
— methods of testing, he proposed to speak purely as a “ free 
ance.” 

The paper by Dodd and Green on basic open-hearth refractories 
was a monumental piece of work, and he suggested that further 
summaries of a similar kind of the large amount of work to be 
found in the technical literature should be undertaken. He had 








| 
| 
| 


656 P FIRST REPORT ON 


read that review with the greatest interest, and it was one to which 
he could turn again and again to obtain valuable information. 

There were two important conclusions on p. 199 of the paper by 
Hugill and Green on the chrome-magnesite refractories which might 
be interpreted by some people as implying that the chrome-magnesite 
refractories had been a failure in open-hearth furnaces. That was 
a wrong view to take. Although the paper dealt with what had 
been and could be a very troublesome feature in the use of chrome- 
magnesite bricks, it was the latest experience of those who used 
such bricks that much of this trouble had been overcome. The 
underlying principles used in this successful practice could be 
regarded as being in agreement with the two main conclusions 
referred to. He would like to ask one minor question there which 
was more or less a matter of petrological detail. Would the authors 
please explain the exact petrological characters of the mineral which 
they called enstatite in Fig. 24? To distinguish between enstatite 
and forsterite was not always easy. He would like to ask whether 
they had found that treating the polished section with acid showed 
any difference, because forsterite should gelatinise and enstatite 
should not. 


Mr. A. McKenprick (Bridge-of-Weir, Scotland) intimated that 
he also desired to speak as a “free lance”’ and not as a member of 
the Open-Hearth Refractories Joint Panel. This Report, he said, 
could not be adequately digested in the very short time which had 
elapsed between its publication and the present Meeting in view of 
the tremendous amount of material which it contained. One thing 
that was very obvious, however, both to manufacturers and to users, 
was the amount of contradictory material which was contained in 
the various reports. Some of that might be due to the fact that the 
British Refractories Research Association either had not obtained a 
correct impression from the papers which they had surveyed or had 
not received correct information from those who were supplying the 
information from the steelworks. 

One of the important points which a hasty perusal of the Report 
brought forth was the urgent necessity of evolving a standardised 
system of field tests as quickly as possible, a system which could 
be used not only by the field officer of the B.R.R.A. but by all 
refractory engineers engaged in the steel trade. It was obvious 
that the volume of work which could be undertaken by the field 
officer of the B.R.R.A. must be very limited, and if it could be 
augmented by refractory engineers employed by the steel] trade on a 
similar basis to the field officer by the adoption of a standard system 
of practical tests, it would considerably enlarge the field of operation 
and provide information very much more quickly than it was being 
obtained at present, whilst the information itself should be more 
accurate. If and when the question of practical testing was dis- 
cussed, the scheme of selection outlined in the second paragraph on 
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p. 48 of the Report was, he thought, worthy of serious consideration. 
He was not suggesting that it should be taken as it stood, but he 
thought that some visual testing system such as was outlined by 
Kazakevich was worthy of being taken as a basis. 

To those who had made a careful study of refractories used in 
open-hearth furnaces it was early obvious that a common basis of 
practical testing was essential if reasonably accurate and com- 
parative results had to be obtained. A good many of the apparently 
contradictory results in the excellent review by Dodds and Green 
might not have seemed so contradictory if the authors had been 
in full possession of all the facts and a standard system of testing 
had been used in all cases. 

To illustrate this point, open-hearth roofs might be taken as an 
example. There were many factors which influenced the life of an 
open-hearth roof apart from the actual refractory materials used. 
Among the most important were the angle of the gas slope; the 
condition in which the slope was maintained during the run of the 
furnace; the distance between the top of the block and the under- 
neath side of the roof; the rise from the charging to the tapping 
side; whether the furnace had a sloping or a straight back wall; 
how the furnace was heated up before gassing; and, last but not 
least, the angle of the ramp slope. 

It was obvious, therefore, that a good deal of information 
must be made available to those whose task it was to decide the 
best and most suitable material to be used in building open-hearth 
roofs. If the refractory material alone was tested, it was essential 
that no alterations whatever should be made in the design of the 
furnace, for otherwise direct comparisons could not be drawn. 

It would also be of considerable assistance to those connected 
with the use and manufacture of refractories if the proposed standard 
nomenclature of the various sections of the open-hearth furnace was 
universally adopted. He would recommend that the forty-one 
sections shown in Fig. 30 should be retained permanently for use in 
carrying out trials, as in his opinion the sixteen sections shown in 
Table LI. were not sufficient to meet the needs of those carrying 
out trials, although eminently suitable for cost and poundage figures. 

With the schematic drawing shown in Fig. 30, the standard 
system of laboratory testing likely to become available very soon, 
and the standard field testing suggested, it was his opinion that 
rapid progress could be made in the solution of many of the problems 
associated with an open-hearth furnace, which seemed elusive at the 
moment. He did not think that it was an exaggeration to say that 
designers of open-hearth furnaces were now awaiting better re- 
fractory materials before they could make any further radical 
progress. Conversely, it was not inaccurate to state that the brick- 
maker was willing to undertake the production of better refractories 
if he could be supplied with the data which practical trials alone 
could supply. 

1939—i 2u 
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It was incorrect to state, as was said on p. 45 of the Report, that 
unless silica bricks were machine-pressed they could not be made 
accurate in shape and size. At least three well-known makers in 
Britain were producing bricks of excellent shape and size without 
the aid of machines. It was equally incorrect to state that shape 
and size, unless for roof bricks, was not essential; a satisfactory gas- 
port arch could be built only with well-shaped bricks. The state- 
ment made by Mr. Douglas on the same page, that high bulk 
density and low porosity were likely to yield a longer furnace life, 
had definitely been proved in at least two steel plants so far as roofs 
were concerned. Was it unreasonable to suppose that this was the 
result of offering greater resistance to slag penetration and also of a 
brick of the type in question being more readily glazed early on in 
service? It would be interesting to hear whether a longer life had 
been obtained by the use of higher-bulk-density and lower-porosity 
bricks or blocks in the construction of gas-port arches. He was 
pleased to note that special mention was made of the need for the 
adequate protection of silica bricks, a matter of the utmost im- 
portance. Many unexpected failures of roofs and gas ports had been 
traced to the use of inadequately protected bricks. 


Mr. C. 8. Granam (Scunthorpe) remarked that it was difficult 
to choose items for discussion, as the Report contained so many of 
them, but he intended to confine himself to silica bricks, which 
to-day formed the chief refractory for acid and basic open-hearth 
furnaces. Since the War, improvements had undoubtedly been 
made by the manufacturers in the making of silica bricks ; the bricks 
were better shaped and the burning was more regular; one no longer 
found those violent fluctuations in specific gravity and porosity 
which were found in days gone by; and by the application of work 
done by research chemists and those engaged in refractories research 
it had been possible, still further, to improve the utilisation of 
refractories by improved furnace design, pyrometric control over the 
heating-up of newly built furnaces, greater control over the combus- 
tion of the gases and less temperature fluctuation during week-ends. 

Certain parts of the open-hearth furnace, however, even if 
built with the best silica bricks obtainable to-day, where undoubtedly 
sources of weakness. The remedy lay in an improvement in the 
silica bricks or in the use of other refractories. The attempt to 
improve silica bricks by the addition of mineralisers dated back 
twenty to twenty-five years. In 1926 a paper by Hugill and Rees 
went into the matter very thoroughly and dealt with the addition 
of iron oxide. The results were very encouraging, and he under- 
stood that furnace tests had been made in the acid open-hearth 
furnace; he did not know whether tests had been carried out in the 
basic furnace. He was of the opinion that an increased iron oxide 
content in silica bricks was one probable way of improving the life 
of the brick in the open-hearth furnace. 
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In the review by Dodd and Green, which in his opinion was a 
contribution of great practical value, an instance was given where 
silica bricks which had been put into the regenerators, and there 
allowed to absorb iron oxide, gave a life double that of the nor- 
mal brick when built into the roof of a steel furnace. Whether 
those improvements were due entirely to the formation of tridymite 
or to other causes was worth investigating. Russian metallurgists 
definitely insisted on the superiority of silica bricks with a higher 
percentage of iron oxide. They were burned in a reducing atmo- 
sphere. He understood that a similar brick was made in Spain. 

He did not think that in the past sufficient attention had been 
given to the glazing of silica bricks. He was rather surprised that 
practically no work had been done on that subject prior to the Com- 
mittee taking the matter up, because for decades smelters had 
realised that the rate of formation of the glaze during the heating-up 
of a newly built furnace was indicative of quality. 

Then there was the question of the bond used in silica bricks. 
A few years ago, his works carried out some experiments to ascertain 
the most suitable percentage of lime in silica bricks for their pur- 
poses, and they had four batches made, containing respectively 
1-25, 1-5, 2-0 and 2-5 % of lime. Each batch contained sufficient 
bricks to build the superstructure of a 45-ton furnace. There was 
no doubt about the result; the bricks with 1-25°% of lime definitely 
gave the worst result, and the bricks with 2-5% the best result in 
actual practice. The bricks with 1-:25°/ of lime, although they 
showed a higher refractoriness, were mechanically too weak. 

A good deal of research work was being done on the properties 
of silica bricks, and it was hoped that by the study of these properties 
one would be in a position to foretell from laboratory tests the be- 
haviour of a silica brick during actual practice. Then, and then only, 
could the setting-up of specifications lead to useful results. 


Discussion on Blast-Furnace Refractories. 


Mr. G. H. Jounson (Kettering), in opening the discussion on 
blast-furnace refractories, said that he proposed in the first place, as 
Chairman of the Blast-F'urnace Refractories Panel, to draw attention 
to the manner in which the research was developed. The first work 
undertaken was to examine in detail a number of blown-out furnace 
linings. From those observations it was apparent that there were 
many causes which contributed to the failure of a lining; of out- 
standing importance were disintegration by carbon monoxide, 
the corrosive action of slags and the accumulation of alkalis in the 
brickwork, while the presence of lead and zinc compounds must also 
be regarded as possible factors. From those observations sprang 
long-range laboratory investigations concerned with the action of 
carbon monoxide, blast-furnace slags and various alkali vapours on 
refractory materials. The results of some of those researches 








660 P FIRST REPORT ON 


appeared in the present Report, but those concerned with the effect 
of carbon monoxide had been previously reported to the Institute. 

From the work of the Panel and from his personal experience he 
was strongly inclined to the view that disintegration by carbon 
monoxide was the most important single factor which contributed to 
the failure of blast-furnace linings. The laboratory research on the 
action of carbon monoxide showed that disintegration occurred 
over the temperature range 400-600° C. with an optimum effect at 
450-500° C. Although the actual temperatures to which the lining 
of a blast-furnace was subjected were at the moment a matter of 
some conjecture, it was obvious that most of the shaft lining, from 
considerations of temperature alone, was susceptible to carbon- 
monoxide attack. The actual working face might be considerably 
above 600° C., but the steep temperature gradient through the lining 
ensured that at some distance behind the working face optimum 
temperature conditions prevailed for carbon deposition. It was 
not uncommon, therefore, to find in the shaft a disintegrated zone, 
impregnated with carbon, occurring between a satisfactory working 
face and an annulus of more or less unchanged brickwork adjacent 
to the furnace casing. When the working face was lost, larger or 
smaller disintegrated areas fell away, the action went on, and soon 
the destruction of the shaft lining was complete. 

The work on carbon-monoxide disintegration had shown that 
carbon deposition was associated with nodular iron compounds 
present in the fireclay from which the firebrick was made, and that an 
increase in the firing temperature of the product greatly diminished 
the tendency for carbon deposition. Important though those 
findings were, the members of the Blast-Furnace Refractories Panel 
realised that there were still many problems relating to carbon- 
monoxide disintegration which awaited solution. Among them 
might be cited the effect of the CO/CO, ratio of the blast-furnace 
gas and the particular properties of those iron compounds which 
favoured disintegration. 

It was occurring to some people that iron in any form in blast- 
furnace firebricks was a dangerous abomination, and as its elimina- 
tion from ordinary fireclay presented serious practical difficulties, 
attention was being directed to the possibilities of bricks made from 
molochite, at any rate for the shaft lining. This was somewhat 
expensive, but was an exceptionally pure type of highly aluminous 
grog which had been intensely calcined and was available in a variety 
of mechanical gradings. Well-burned bricks made from this and 
carefully selected bond clay, also low in iron, seemed more promising 
to resist carbon-monoxide disintegration than was any form of fire- 
brick made from the usual raw materials, however careful the maker 
might have been to render the iron inactive. If that was not a 
success, he thought that there would be a still further extension of 
the use of water as “ a blast-furnace refractory.” 

He had emphasised the effect of temperature on the disintegra- 
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tion by carbon monoxide, but of course temperature was also of 
paramount importance when the effects of slag attack and alkali 
penetration were considered. A recent investigation, which was 
touched upon in a progress report, and which had been referred to 
that afternoon by Mr. Green, was now attempting to assess the 
temperature attained by the lining in various parts of the furnace. 
Sixteen thermocouples were inserted in the lining of a furnace prior 
to blowing-in. The thermocouples were distributed in five vertical 
planes, three of which were in the shaft and two in the bosh, and all 
couples originally terminated 6 in. behind the working face of the 
lining. Although records had only been obtained as yet over a 
period of four months, the results indicated that valuable data would 
be compiled. It was shown, for example, that in the blowing-in 
of the furnace rapid rates of heating were experienced, and the 
maximum temperature of the face at the top of the bosh was 
estimated to reach 1400° C. During the normal running of the 
furnace the temperatures recorded in the lower half of the shaft 
were higher than those at the top of the bosh, and this was attributed 
to the copper cooling plates which were a feature of this particular 
bosh lining. It was hoped in the near future to extend this research 
to determine the effects of shaft cooling on the lining temperature. 
More data on shaft cooling were very desirable, as the possibility of 
increasing the effective range of carbon-monoxide disintegration by 
lowering the temperature of the shaft lining must be borne in mind. 
If an attempt were made to keep the temperature above the 
dangerous range by shaft insulation, one was similarly liable to be 
defeated by lack of knowledge of the actual temperature conditions. 


Colonel A. Stern, M.C. (Polmont, Stirlingshire), referred in the 
first place to the disintegration due to carbon monoxide, a subject 
already touched on by Mr. Johnson. Resistance to disintegration 
was the most important characteristic of all, because it was no use 
having strength, low permeability and so on if the brick was going to 
crumble and disintegrate in the furnace. The test was somewhat 
difficult and tedious to carry out, and had been neglected, but for 
those who have not facilities it could be carried out without trouble 
in the Mellor Laboratories at Stoke. It was a 200-hr. test at 500° C 
with carbon monoxide. He did not think that it was necessary to go 
away from straight firebricks to obtain resistance to disintegration. 
It must be remembered that the “ post mortems ”’ which were being 
done at present were being carried out on firebricks made a good 
many years ago. Given adequate kiln treatment, firebricks would 
give complete resistance to disintegration by carbon monoxide. 

With the statement that close jointing was essential to prevent 
- the entry of deleterious substances into the inside of the lining and 

that small blocks were likely to give that better than large ones, he 
entirely agreed. 

He would like to emphasise that straight fireclay, which had 
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usually been employed in the past for jointing bricks, did not give 
any bond until it was heated above about 900—1000° C., and it was 
known that in the upper part of the blast-furnace shaft such tem- 
peratures were never obtained. The remedy seemed to be to use 
one of the many air-setting cements now available, which would give 
adequate strength at low or high temperatures and prove much more 
satisfactory. 

He had emphasised the need for low permeability, but it was 
well known that in the lower parts of the blast-furnace the tem- 
peratures were high, higher than had previously been realised, and 
it was necessary to have high-alumina firebricks to give sufficient 
refractoriness even with water-cooling. He agreed entirely with 
Colonel Thomas that the physical characteristics were more import- 
ant than the chemical, but, other things being equal, he believed that 
it was true to say that the high-alumina material had the advantage, 
both in resisting corrosion and in resisting the attack by alkalis. 
The trouble was that it was more difficult to get the correct physical 
characteristics with high-alumina material. It was much easier 
with a siliceous material to get it matured and to get the strength 
and low permeability required. A little more trouble and better 
technique were needed to get something approaching equal character- 
istics with the high-alumina material, but, if trouble were taken to 
obtain them, there was no doubt that the high-alumina material 
was the right one to use in the lower parts of the blast-furnace. 


Dr. R. J. Sarsant (Sheffield), referring to the paper on jointing 
cements, said he would like to see the work extended and its implica- 
tions made more accessible to practical people in the works. The 
last page of the paper (p. 442) left matters very much in the air. 
When he read it, he said to himself ‘‘ What are we to do about the 
matter?’’ Many cements had been tested and certain valuable 
observations had been made, but there was a great mass of detail 
which he thought should be reviewed again by the authors and put 
in a form which would make it more accessible to those who were 
trying to build up specifications for works purposes. The practical 
point was, of course, to get somewhere nearer a specification for a 
particular class of operation. He thought that the work had been 
taken far enough for that to be almost possible, and he ventured to 
suggest not that the authors should necessarily do a great deal more 
work but that they should consider whether the work could not be 
amplified by a reconstruction of the way in which the material was 
presented, so that practical men in the works could make use of the 
conclusions. 


Dr. T. SwinDEN (Chairman of the Committee) said that most 
of the speakers had been members of one or other of the Panels, and 
had other opportunities of putting forward their views, welcome 
though those views were. He had been hoping that the user 
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Members of the Institute would give the Committee the benefit 
of their opinion and advice as to whether the programme of work 
set out in the Report was the right kind of programme, together with 
suggestions whereby the joint effort which was being made would 
secure the best results. The work was essentially voluntary on the 
part of the members of the Panels, and they were anxious to secure 
the best possible results from that work. They asked for the 
co-operation of users in suggesting the problems which should be 
tackled. 


Dr. W. H. Hatrievtp, F.R.S. (Vice-President, Sheffield), re- 
marked that his own works were big steel producers and used a whole 
range of refractory material, and in his view there was much leeway 
to be made up. The extremely emphatic reference which had been 
made in the discussion to the great progress made in silica bricks 
seemed to him exaggerated ; he did not think so much progress had 
been made as the speaker in question claimed. There were very good 
hopes, however, from the activities of the Refractories Committee. 





CORRESPONDENCE. 


Mr. B. Tuomas (Wolverhampton) wrote that in view of the 
fact that several of the authors concerned with this Report invited 
constructive criticism, the following remarks were put forward in 
order that the scope of investigation might be enlarged accordingly. 

Although the work already covered was of a very comprehensive 
nature, it left untouched a vast field of application which concerned 
users of the smaller types of metallurgical furnaces such as were 
used for forging and stamping. In the Midlands particularly, many 
thousands of these furnaces were in regular use, and the refractories 
required presented their own problems. 

Over a long period the writer’s firm had carried out, in an 
elementary kind of way, practical tests designed to improve the 
results obtained. Certain of these results were given below, but it 
would be appreciated if some research members of the Refractories 
Committee could investigate the matter still further. 

Arches.—Although silica bricks of the normally accepted 
95-96% silica content were the usual solution for structures of large 
dimensions, the intermittent firing of small forging furnaces was 
apt to cause spalling. To overcome this difficulty, siliceous bricks, 
containing 89-90% of silica, were much better and almost obviated 
the spalling tendency. 

Unfortunately these latter bricks had a refractoriness figure of 
approximately only 1670° C., and for some classes of work dripping 
became a nuisance. To provide better refractoriness 41-42% 
alumina brick with a refractoriness figure of approximately 1720° C. 
showed an improvement, but spalling once more tended to prevail. 
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Natural clays such as Scottish brands were to be preferred to 
synthetic mixtures. 

Silliminite bricks of higher alumina content were occasionally 
employed, but greatly increased cost restricted their development. 

Walls.—Good low-priced coarse grog bricks containing 33-35% 
of alumina usually offered greater freedom from spalling than 
natural clays with 41-42% of that compound. His experience 
hardly confirmed the remarks of Colonel Thomas concerning the 
desirability of uniform structure in refractory materials, as one 
type of brick that he (the writer) used was rarely fired in excess of 
1250° C., and accordingly showed considerable contraction in service, 
yet giving surprisingly good results. 

Floors.—Concerning floors for slag resistance in oven-type 
furnaces, he was able to confirm the views expressed that chrome- 
spinels, while excellent, did tend to spall, irrespective of the relative 
proportion of chrome and magnesite. 

The newer type of refractories, such as forsterite and dolomite, 
in his case also, were to be preferred for this purpose. 


REPLY TO DISCUSSION. 


Mr. A. T. GREEN, in reply, wrote that in opening the discussion 
on steelworks’ refractories, Dr. Sarjant raised important points 
relative to the paper on the durability of chrome-magnesite bricks. 
He regretted that Dr. Sarjant felt that the concluding remarks of 
this paper might be interpreted as implying that chrome-magnesite 
refractories had been a failure in open-hearth furnaces; at the 
commencement of the paper it was stated that the chrome-magnesite 
roof in question had a life of 340 heats before collapsing, which might 
be considered a fairly satisfactory life. It was encouraging to hear 
that the bursting effect had, in some measure, been overcome along 
the lines suggested at the conclusion of this paper. The differentia- 
tion between enstatite and forsterite in the thin section photographed 
in Fig. 24, followed standard petrographic methods; in particular, 
these minerals could be readily distinguished by their widely different 
bi-refringence values (enstatite 0-009, forsterite 0-035). 

The paper on jointing cements to which Dr. Sarjant referred 
gave the results of an investigation of the properties of representative 
commercial jointing cements, using tests most of: which would 
be undertaken in a works laboratory. The results served to 
differentiate the various products. At this stage the framing of 
specifications for different classes of cements (although highly 
desirable eventually) had not been primarily in the mind of the 
authors. In their view another stage of investigation, the cor- 
relation of laboratory tests on cements with their behaviour in 
service, was needed before any full specification was attempted. 
For example, it was almost impossible, from laboratory tests, to 
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indicate whether or to what extent a cement which was expansile 
under working conditions would be helpful in giving tight joints or 
detrimental in causing stresses in the brickwork. Again, to what 
extent should freedom from shrinkages in a cement be sacrificed 
for increased workability ¢ 

Mr. McKendrick made some very interesting observations and 
threw out several useful suggestions. He (Mr. Green) felt, however, 
that certain of his statements required clarification. He referred, 
for example, to “the amount of contradictory material which was 
contained in the various reports,” and later remarked that “a good 
many of the apparently contradictory results in the excellent 
review by Dodds and Green might not have seemed as contra- 
dictory if the authors had been in full possession of all the facts 
and a standard system of testing had been used in all cases.” 
He could only assume that Mr. McKendrick here referred to the 
review of the literature on steelworks refractories. One of the 
major objectives of a comprehensive review of the literature of 
this type was to reveal the contradictions which Mr. McKendrick 
deprecated. 

Mr. McKendrick also appeared to attribute to the authors of the 
review of the literature the statement that unless silica bricks were 
machine-pressed they could not be made accurate in shape and size ; 
actually this statement was taken from a paper, the full reference 
to which was given in the text. He would agree, however, that 
accuracy of shape was essential for all arch bricks. 

The comments on mineralised silica bricks by Mr. Graham were 
of considerable interest. The work so far published on this subject 
was very briefly summarised on pp. 61 and 62 of the Report, and, 
as Mr. Graham pointed out, silica bricks to which iron oxide had 
been added to aid tridymite formation appeared to be very popular 
in Russia at the present time. Mr. Graham’s experiments on the 
effect of the lime content of silica bricks on their behaviour in 
service would seem to support Russian work quoted in the review; 
as the present tendency was to incorporate less lime in silica bricks, 
these experiments which suggested that the opposite course should 
be followed required careful consideration by those concerned. 

Mr. Green wished to thank Mr. Thomas for communicating some 
of the results of his wide experience, and for his suggestion that the 
work of the Panel should embrace the problems associated with the 
use of refractories in such metallurgical furnaces as were used for 
forging and stamping. It was no doubt true that certain of the work 
at present being undertaken could be applied to the use of refractories 
in both branches of the industry. Nevertheless it was evident that 
the conditions which prevailed in reheating and forging furnaces 
required careful definition. He looked forward to including such 
investigations in the programme of work. 

He thanked Mr. Johnson for his able remarks on the work of 
the Blast-Furnace Refractories Panel. His emphasis on the dis- 
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integrating influence of carbon monoxide on the stack lining was 
very opportune. 

Colonel Stein rightly stated that close jointing was essential to 
prevent the entry of deleterious substances into the inside of the 
lining. One of the most impressive features in the field tests had 
been the ease with which the blast-furnace gases passed through the 
lining. It had been shown that in the stack there was sufficient gas 
between the brickwork and casing to burn for a considerable length 
of time. Colonel Stein also drew attention to the comparatively 
low temperatures towards the top of the stack where the usual 
fireclay jointing material would not develop any bend. This same 
feature applied to all the stack brickwork at various distances behind 
the working face and was a contributory cause of the many passages 
by which the gas could pass through the lining. If by the applica- 
tion of various cements the permeability of the lining, as distinct 
from that of the brick, could be lowered, the possibility of dis- 
integration by carbon monoxide would also be reduced. 
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SECTION II. 
A SURVEY OF LITERATURE ON THE 


MANUFACTURE AND PROPERTIES OF IRON 
AND STEEL, AND KINDRED SUBJECTS. 
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The Present Position of the Manufacture of Refractories. P. 
Razous. (Génie Civil, 1938, vol. 113, Sept. 10, pp. 217-223). The 
author describes the process of the manufacture of refractory bricks 
from French clays, with particular reference to the rotary kilns used 
for drying the raw materials, and the kilns for firing the bricks. 
The second part of his paper is devoted to a discussion of the proper- 
ties of French refractories, including the porosity, refractoriness, 
refractoriness under load, resistance to sudden temperature changes, 
resistance to compression at ordinary temperatures, dilatation and 
thermal conductivity. In conclusion, the author states that the 
only way to obtain precise information on the changes which occur 
in the crystalline structure of silicious materials in the firing 
process is to make microscopic examinations using polarised light. 

Some Considerations in the Production of Fused Mullite for 
Refractories. H.M. Kraner. (Journal of the American Ceramic 
Society, 1938, vol. 21, Oct., pp. 360-366). The author describes the 
production of non-crystalline fused mullite by fusing aluminous 
material and pouring it slowly into water or through a stream of 
water, or by pouring it through a blast of air on to a floor. In 
discussing the effect of mullite additions to the mix for making 
refractories, he shows that mullite made with an excess of silica 
should not be used, because this silica promotes the crystallisation 
of an extremely fine needle-like variety of mullite in which a large 
amount of glass is occluded. Such mullite aggregates require a clay 
of relatively low refractoriness to bond them, because the occluded 
glass is not available for this purpose. Coarse crystalline mullite 
leaves the glass available for bonding, and a more refractory clay 
may be used. Careful control of the alumina-silica ratio of fused 
mullite is therefore necessary in order to obtain the desired properties 
in the bonded product. 

Dolomite Bricks for Metallurgical Purposes. A. B. Searle. 
(Iron and Steel Industry, 1938, vol. 11, Sept., pp. 593-596). The 
author explains the difference between true dolomite which does not 
occur in commercially accessible quantities in the British Isles, and 
magnesian limestone which occurs in the northern and Midland 
districts of England close to the localities where basic bricks are 
chiefly used. The latter consists of a mixture of calcite (calcium 
carbonate) and magnesite (magnesium carbonate) in proportions 
resembling those in true dolomite. The author next gives an 
account of some early attempts to make a satisfactory refractory 
brick from British magnesian limestone, and describes the properties 
of the dolomite bricks now used in the basic open-hearth furnace. 
In conclusion he discusses the various jointing materials which may 
be used, pointing out that the main function of these is not to hold 
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the bricks together, but to afford an adequate bedding, so that any 
pressure applied to the bricks will be evenly distributed. 

Recent Developments in the Field of Special Refractories. I’. 
Harders. (Stahl und Eisen, 1938, vol. 58, Oct. 6, pp. 1081-1085). 
After reviewing the literature of the last few years on special refrac- 
tory bricks, the author discusses the improvement which has been 
obtained in the resistance to changes of temperature and in the 
stability under load at high temperatures in the case of magnesite 
bricks. He refers to experiments on the use of very porous instead 
of impermeable magnesite bricks in those parts of the open-hearth 
furnace which are subject to severe conditions. In the United 
States unburnt magnesite and unburnt chrome-magnesite bricks are 
being increasingly used. He also discusses the use of chrome-silica, 
chrome-alumina and magnesium-silicate bricks, with which experi- 
ments are now proceeding, and concludes with some notes on the 
precautions to be observed when making trials with new kinds of 
bricks in open-hearth and electric furnaces. 

The Reversible Thermal Expansion of Refractory Materials. 
G. R. Rigby and A. T. Green. (Transactions of the Ceramic Society, 
1938, vol. 37, Sept., pp. 355-400). If, after heacing a refractory 
material and cooling it to the original temperature, its volume is 
unaltered, it is said to have been expanded in a reversible manner, 
but on heating beyond a definite temperature, many refractories 
suffer a permanent change in volume, and the material is then said 
to have undergone some permanent expansion or contraction which 
is of an irreversible nature. After this explanatory introduction, 
which forms Section I. of their paper, the authors describe in Section 
II. the methods of expressing linear and volumetric thermal expan- 
sions, and in Section III. give particulars of the direct and indirect 
methods of measuring these expansions. Section IV. is devoted to 
a consideration of the relation between thermal expansion and other 
physical properties. In the next eleven sections of the paper the 
thermal expansions of numerous materials, including silica refrac- 
tories; sillimanite and mullite; alumina refractories; fireclay 
products; and magnesite, chrome and carborundum refractories, 
are dealt with. In Section XVI., which concludes the paper, the 
authors discuss the utility of these thermal expansion data, and 
refer to attempts which have been made to interpret the spalling- 
resistance of a refractory as a factor involving a few fundamental 
measurable properties of the material, such as thermal expansion, 
elasticity, maximum shear, tensile or transverse strength, and 
temperature diffusivity coefficient. A bibliography of 147 references 
is appended. 

Refractory Mortars, Coating and Ramming Materials for the 
Foundry. L. C. Hewitt. (Industrial Heating, 1938, vol. 5, Aug., 
pp. 733-736; Sept., pp. 829-830). After commenting on the 
properties and use of cold-set mortars in conjunction with best- 
quality refractory bricks for cupola linings, the author declares that 
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the cause of the failure of linings after only a short period of service 
can generally be traced to the use of the wrong bonding materials. 
The answers to a questionnaire sent out to a large number of Ameri- 
can grey-iron foundries showed that most foundries preferred to use 
a mixture of sand or grog with fireclay in equal proportions. In 
considering the fineness of the grain of refractory mortars, it is 
important to determine both the dry-screen and also the wet- 
screen analysis, which indicates the fineness of the grain after slaking. 
With reference to the lining of ladles, the author quotes an example 
in which the use of a high-temperature, cold-setting mullite cement 
increased the life of the lining so much that the high cost of this 
material was more than justified. In the second part of this paper 
reference is made to the use of a plastic refractory material containing 
a cold-setting organic bond which is used in America for lining 
electric furnaces in which special grey iron is melted. The author 
concludes with some hints on the technique of ramming refractory 
linings. 

Refractories for Foundry Ladles. C. E. Bales and A. R. Black- 
burn. (Transactions of the American Foundrymen’s Association, 
1938, vol. 46, Sept., pp. 163-170). The application of special firebrick 
shapes for the spouts of ladles is described in this paper. Their use 
prevents particles of slag from getting into the moulds. The use of a 
large circular tile in the bottom of the ladle makes a jointless bottom, 
and is more economical than the use of firebricks. Some information 
is also given on making linings for desulphurising ladles with rammed 
refractory mixtures. 

Lightweight Refractories. L. W. Bertelsen. (Steel, 1938, vol. 
103, Oct. 3, pp. 44-46). In his description of a large furnace at 
Pittsburgh used for the heat-treatment of rolls, the author refers to 
the use of light-weight firebricks lined with a clay which is glazed at 
about 2200° F. This has reduced the fuel consumption and given 
good service, very little maintenance being required. 

Failure of Coke-Oven Walls by Reaction with Coal Ash. W. C. 
Rueckel. (Journal of the American Ceramic Society, 1938, vol. 21, 
Oct., pp. 354-360). In this paper the author describes an investiga- 
tion of the breakdown of coke-oven linings caused by the reaction 
of the ash in the coal with the refractory material at high tem- 
peratures. The results showed that: (a) The disintegration is 
caused by the reaction of the iron in the ash with the silica brick, 
(b) the disintegration is confined to the lower half of the oven wall, 
(c) although the iron penetrates half-way through the brick, the 
formation of pumice is limited to a layer on the oven side by the 
reducing action of oven gases, (d) the slagged layer is removed by 
abrasion when the coke is pushed from the ovens, (e) a large propor- 
tion of the iron in the coal can be removed by washing, and (f) if 
there is iron present in the coal charged and if the wall temperatures 
are above 2150° F., this type of erosion of the lining will ultimately 
occur. 
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Selection of Refractories. B. Thomas. (Iron and Coal Trades 
Review, 1938, vol. 137, Oct. 7, pp. 537-538: Foundry Trade 
Journal, 1938, vol. 59, Oct. 13, pp. 272-273). The author discusses 
the properties of refractory bricks, and relates these to the require- 
ments of low-temperature (900-1200° C.) and high-temperature 
(1300-1600° C.) furnaces. He explains the manner in which the 
inclusion of grog in the mix reduces shrinkage. In quoting from his 
own experience, he declares that whereas standard 95-96% silica 
bricks are quite satisfactory in large open-hearth furnaces, they 
soon commence to spall in a small furnace working only 8} of the 
24 hr. If, however, the silica content is slightly below 90%, the 
spalling in small furnaces is almost entirely eliminated. A new type 
of refractory for steel-heating furnaces, where temperatures up to 
1450° C. are sometimes employed, has recently become available. 
Its base is one of the mineral spinels containing chromium. It is 
sometimes known as “ picotite,” and is reputed to have the formula 
(Mg.Fe)(Al.Fe.Cr),0,. These bricks have the property of absorbing 
slag in such a manner as to maintain a surface dryness so satisfac- 
torily that trouble is no longer experienced from the slag adhering to 
the metal sections being heated. In conclusion the author gives 
some particulars of the thickness of insulating material required for 
furnaces heated with coal, oil, gas and electricity. 
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The Influence of Inorganic Compounds on the Combustion of 
Coal. H. E. Newall. (Fuel in Science and Practice, 1938, vol. 17, 
Sept., pp. 260-265; Oct., pp. 292-299). It has been claimed that 
inorganic compounds influence the rate of oxidation of coal, and that 
their presence therefore has an effect upon the spontaneous-com- 
bustion properties of coal. In the first part of this paper the author 
discusses the results of experiments undertaken to study the influence 
of inorganic compounds on the propagation of slow combustion 
through powdered coal. The results indicated that the influence of 
some of the compounds was due mainly to their decomposition, the 
acceleration or retardation of the rate of the combustion of the coal 
being due to the oxide formed. On the other hand, some com- 
pounds which were not decomposed under the conditions of the 
propagation of the zone of combustion had a considerable catalytic 
influence on the combustion of the coal. In order to obtain more 
information on the mechanism of the accelerating or retarding action 
of some of the compounds, it was considered necessary to determine 
their effect on the oxidation of coal at lower temperatures than those 
attained during the propagation of the zone of combustion. This 
investigation is fully described in the second part of this paper. In 
his discussion of the results obtained, the author shows that the 
following compounds accelerate the rate of propagation: Ferric 
chloride, manganous chloride, potassium bromide, sodium and 
ammonium molybdate, and sodium carbonate. On the other hand, 
barium chloride, aluminium sulphate, sodium biborate, and sodium 
and ammonium dihydrogen phosphate retard the rate of combustion, 
whilst sodium chloride has little effect. 

Fuel Control in Iron and Steel Works. F. Kennedy. (Pro- 
ceedings of the Cleveland Institute of Engineers, 1937-38, No. 5, pp. 
209-228). After enumerating the fuel-consuming units at an iron 
and steel works, together with the alternative fuels available and 
their cost, the author discusses the factors to be considered in 
planning the fuel-distribution systems. He shows that a substantial 
gas-holder is an absolute necessity for the most economical and 
efficient utilisation of gaseous fuel. He considers next the organisa- 
tion of a fuel-control department, and goes on to discuss the in- 
dividual units which consume fuel. In this section he refers to some 
recuperators made of heat-resisting steel designed by Dr. Schack 
which have been used in place of the standard blast-furnace stoves, a 
development which is being watched with the greatest interest. In 
conclusion, he comments on the adoption in the United States of the 
practice of thoroughly insulating the roofs and port ends of open- 
hearth furnaces, as well as to the extended use of automatic control 
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of the gas pressure and the air/gas ratio by which important economies 
have been obtained. 

Heat Transfer. A. Blackie. (Fuel Economy Review, 1938, 
vol. 17, pp. 72-78). The author discusses under the headings of 
conduction, convection and radiation, the important principles of 
heat transfer as they affect many problems arising from day to day 
in industry. 

Recent Developments in Industrial Instruments for the Measure- 
ment and Control of Gas Temperatures. C. Dupen. (Journal of the 
Institute of Fuel, 1938, vol. 12, Oct., pp. 40-46). After touching 
upon the reasons which have led to the increased use of instruments 
in industry generally, and to the employment of temperature- 
measuring and controlling instruments in particular, the author 
gives a detailed description of the ‘‘ Pyromaster ” instrument. This 
is essentially a potentiometer pyrometer, and uses the well-known 
potentiometric principle of measuring thermocouple electromotive 
force. It differs from the conventional potentiometer in that there 
are no moving parts in the balancing mechanism except when a 
change in temperature takes place. The instrument can be coupled 
very simply to a pneumatic control system and, as a controller, is 
offered as a proportional pneumatic control, with or without reset 
devices—a feature practically impossible in electric controls. 

The Value of Charcoal for Use in the Blast-Furnace. H. Berg- 
strom. (Jernkontorets Annaler, 1938, vol. 122, No. 6, pp. 221-242). 
(In Swedish). The author discusses the properties which determine 
the value of pinewood charcoal as a fuel for the reduction of iron 
ore. These are the dry weight of a given volume, the moisture 
content, the phosphorus content and the presence of other impurities. 
He shows how samples taken from one truck-load vary very greatly 
in moisture content, and suggests some methods of testing which 
would be fair to both the supplier and the consumer. 

Preparation of Thin Sections of Coal. R. Thiessen, G. C. Sprunk 
and H. J. O'Donnell. (Fuel in Science and Practice, 1938, vol. 17, 
Oct., pp. 307-315). See Journ. I. and §.1., 1938, No. II., p. 263 a. 

The Radiographic Examination of Coal. R. Beeching. (Journal 
of the Institute of Fuel, 1938, vol. 12, Oct., pp. 35-39). The author 
describes an investigation of the rate of diffusion of aqueous solutions 
of lead salts through coal. This was done by cutting pillars of coal 
about 1 in. square and placing them vertically with the lower end 
immersed in the solution up to a known mark, and taking X-ray 
photographs at given time intervals. The author explains how he 
derived a relationship between the height to which the solution rises 
and the time taken, in terms of the surface tension and viscosity of 
the liquid and the mean diameter of the capillaries in the coal. These 
experiments showed that the dull coals examined are porous to 
aqueous solutions of lead salts and the bright coals are not. Fusain 
is, in general, much more absorbent than durain, although in the 
Scottish splint coal and in one banded coal examined the durain 





was 
to 

was 
lati 
sol 
of t 


Mir 
Aft 
of a 
sho 
sep 
bet 
moi 
reir 
of J 
the 
Sta 
met 


Fie 
272 
tha 
coa 
(a) 

con 
anc 
and 
wat 
gas 
hyc 
gas 


Ing 
dist 
fro 
pro 
Ru 
inc 
he 
is ] 


acti 
En; 


inv 





FUEL. 7A 


was almost indistinguishable from the fusain by eye, and appeared 
to absorb equally readily. In the durain samples the diffusion 
was most marked in the band with highest ash content. Calcu- 
lations based upon measurements of the rate of diffusion of a lead 
solution through Scottish splint coal show that the mean diameter 
of the capillaries in the coal is of the order of 50 uy. 

Need for a Standard Method for Determining Surface Moisture in 
Coal. T. W. Guy. (Transactions of the American Institute of 
Mining and Metallurgical Engineers, 1938, vol. 130, pp. 229-248). 
After differentiating between the amount of moisture in the interior 
of a piece of coal] and the amount adsorbed on the surface, the author 
shows the importance of being able to determine these values 
separately. He presents a table which shows the relationship 
between the size of the coal particles and the amount of surface 
moisture, and several tables showing the percentages of moisture 
removed by air-drying and the residual moisture in a large number 
of American coals. In the concluding part of his paper he compares 
the methods of determining moisture in coal as specified in British 
Standard No. 735 and in the American Society for Testing Materials 
method D-271-33. 

Recent Developments in Coal Preparation and Utilisation. A. C. 
Fieldner. (Fuel in Science and Practice, 1938, vol. 17, Sept., pp. 
272-276; Oct., pp. 300-303). The author reviews the progress 
that has been made in America in the production and utilisation of 
coal during the last few years, the subjects discussed including : 
(a) Composition, properties and methods of testing ; (b) spontaneous 
combustion and effect of low-temperature oxidation ; (c) plasticity 
and coking properties ; (d) ash fusion and clinkering ; (e) de-dusting 
and drying; (f) flocculation and settlement of solids in washery 
water; (g) combustion in small and large plants; (h) complete 
gasification; (7) high- and low-temperature carbonisation; (J) 
hydrogenation and liquefaction; and (k) synthetic products from 
gases. A very extensive bibliography is included. 

A Diagrammatical Presentation of the Results Achieved by 
Separation Plants. H. Paul. (Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, Oct. 8, pp. 1197-1199). The author 
distinguishes between an examination of the ore or coal delivered 
from a separation plant and an estimation of the efficiency of the 
process of separation. He has obtained data from plants separating 
Ruhr coal which express as a weight-percentage the proportion of 
incorrectly separated material to the total quantity delivered, and 
he demonstrates, with the aid of graphs in which this percentage 
is plotted against grain size, how to calculate the efficiency of a 
separation plant. 

Mechanism of Launder Separations. A.C. Richardson. (Trans- 
actions of the American Institute of Mining and Metallurgical 
Engineers, 1938, vol. 130, pp. 156-170). The author describes an 
investigation of the theory and practice of the launder or trough 
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coal-washing plant. The first experimental plant used at Battelle 
was on the Rheolaveur system. It was 20 ft. long, 6 in. wide and 
10 in. deep, and had six compartments from which the deposited 
material could be drawn off. It was found that the conditions most 
suitable for the stratification and deposition of refuse material were 
not suitable for the transportation of this deposited material, and the 
conditions which resulted in a continuous forward movement of the 
mass did not permit a satisfactory degree of stratification. The use 
of riffles, baffles and barrages caused turbulence in the stream and 
adversely affected stratification. A launder with transparent sides 
was then made, and after observations of the process of deposition, 
the launder now in use was designed and constructed. In this, the 
bottom of the trough is made up of refuse pockets placed as closely 
together as possible, leaving room only for the mechanism required 
for withdrawing the refuse. On passing a mixture of shale, bone and 
coal through this plant, it was found that the material drawn from 
the successive pockets varied with the composition of the flowing 
mass above them; that from the first pocket consisted chiefly of 
coarse shale, that from the second pocket was finer shale and coarse 
bone, and in each succeeding pocket the material of a given specific 
gravity became finer in size. In the concluding part of his paper the 
author describes a launder installed by the American Rolling Mill 
Co. at Nellis, West Virginia. 

Coke-Oven Reconstruction Programme by the Lambton, Hetton 
and Joicey Collieries, Ltd. (Coal Carbonisation, 1938, vol. 4, Oct., 
pp. 149-152). A description is given of the two batteries of coke- 
ovens, each consisting of 30 Collin simple regenerative ovens, recently 
installed by the Lambton, Hetton and Joicey Collieries, Ltd. Full 
details of a novel type of winch used for controlling the reversing 
of the gas and air valves are included. 

Better Coke from Blended Coals. (Coal Carbonisation, 1938, vol. 
4, Nov., pp. 168-173). This is an abridged translation of an article 
by A. Kircher on the suitability of Ruhr coal for coking at high 
and medium temperatures which appeared in Gliickauf, 1938, vol. 
74, Aug. 27, pp. 725-732 ; Sept. 3, pp. 750-756. (See Journ. I. and 
S.I., 1938, No. IT., p. 266 4). 

Swelling Coals. (Coal Carbonisation, 1938, vol. 4, Oct., pp. 
153-155, 158). Some methods of testing the swelling properties of 
coking coals adopted by the United States Bureau of Mines are 
described, and the conditions under which both laboratory and 
large-scale investigations are carried out are discussed, with par- 
ticular reference to the causes and methods of detecting dangerous 
swelling pressure in the coke-oven. One of the causes which has 
received very little attention is the fact that at any given instant, 
from a few minutes after charging up to the end of approximately 
half the coking period, there are three zones between the wall and 
the centre-line of the oven; these consist of the coke and semi- 
carbonised coke, the plastic layer, and the uncarbonised coal. 
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Some gas and much steam are evolved within the uncarbonised coal, 
and if, as is generally supposed, the plastic layer is nearly 
impermeable, there will be a pressure within the charge from this 
cause. This pressure will be additional to the normal swelling 
pressure as generally determined. 

Modern Coke-Oven Design and Practice. F. Denig. (Iron and 
Steel Engineer, 1938, vol. 15, Oct., pp. 32-51). The author enumer- 
ates and discusses the many factors which influence the design, 
construction and operation of a coke-oven plant, with special 
reference to the causes of oven deterioration and their remedy. He 
points out that the present trend in the United States is to construct 
ovens 16-18 in. wide, 40-42 ft. long, and 14-15 ft. high with a 
taper of 24-4 in. 

The Mechanism of Carbonisation. (Coal Carbonisation, 1938, 
vol. 4, Oct., pp. 156-158). In this article the present state of know- 
ledge on coal carbonisation is summarised and explanations are 
given of the coking process from the purely physical, geological, 
chemical and physical-chemical points of view. It is suggested that 
the investigations now in progress will gradually lead towards a new 
technique of coal treatment, an example of which would be the 
hydrogenation of the coking mass for the production of methane. 

Benzole Separation from Coke-Oven Gas. J. Wucherer. (Gas 
World, 1938, vol. 109, Oct. 8, pp. 299-301). A translation of an 
article on the refrigeration process of benzol recovery which appeared 
in Stahl und Eisen, 1938, vol. 58, June 30, pp. 689-692. (See 
Journ. I. and §.I., 1938, No. II., p. 129 ). 

Oil from Coal. A.J. V. Underwood. (Fuel Economy Review, 
1938, vol. 17, pp. 14-21, 31). The author gives brief descriptions of 
the indirect by-product processes and the direct synthetic processes 
of producing liquid fuels from coal, and discusses their economic 
aspects. 

The Fischer-Tropsch Hydrogenation Process. (Engineering, 1938, 
vol. 146, Oct. 28, p. 517). A concise description is given of the 
low-temperature hydrogenation process for obtaining benzene 
from coal and lignite as developed by the Ruhr Chemie A.-G. Refer- 
ence is made to recent developments which make the process more 
elastic. New types of catalysts and modifications in methods have 
made it possible to vary the benzene proportion from 25% to 65% 
by volume without prejudicing the total yield. 
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The Steel-Tube Blast Preheaters at the Pilsudski Works at 
Chorz6w. W. Kuczewski and H. Wielkie. (Stahl und Eisen, 1938, 
vol. 58, Oct. 6, pp. 1086-1089). A description is given of a two- 
stage blast preheater incorporating steel tubes which was put in 
operation in 1937 at Chorzow. It is designed to provide 50,000 
cu. m. of air per hr. at 720° C., sufficient for a daily production of 
350 tons of pig iron. The authors refer in particular to the metering 
and controlling instruments which provide fully automatic control. 
They quote some figures relating to quantities, pressures and 
temperatures which prove that the installation works with exceed- 
ingly little fluctuation and is giving very efficient service. 

Treatment of Pig Iron with Flue Dust. Ya. Smolyanitskiy and 
A. Smolyanitskiy. (Stal, 1938, No. 4, pp. 11-17). (In Russian). 
A series of full-scale experiments described in the present paper has 
shown that both manganese and silicon can be reduced by treating 
the pig iron with flue dust; 4-5% by weight of flue dust was 
shovelled on to the stream of pig iron flowing from the blast furnace. 
This treatment was found to reduce the silicon content by 20-7- 
54:0%, the absolute reduction of the manganese being on the 
average 0-48% and that of the carbon 0-39%. Addition of the flue 
dust also proved beneficial from the point of view of desulphurising 
the iron, up to 35-6% reduction in the sulphur content being obtained. 
Finally the yield of pig iron was increased by 2:55%. In turn, the 
improved quality of the pig iron resulted in an increase of 15% in the 
output capacity of the open-hearth furnace. The treatment with 
flue dust does not reduce the temperature of the pig iron. The 
article contains much of the data collected during some of the 
experiments. 

The Reduction of Iron Ores with Carbon in the Solid State. 
J. Klarding. (Stahl und Eisen 1938, vol. 58, Oct. 20, pp. 1143- 
1145). The author describes an investigation of the effect of differ- 
ent solid reducing agents on the commencement and rate of reduction 
of three German ores at various temperatures. The agents used were 
brown coal, charcoal, semi-coke, lamp black and coke dust. 

Desulphurisation. G. 8. Evans. (Steel, 1938, vol. 103, Sept. 
26, pp. 40-42). The author refers to the practice of removing 
sulphur from the iron after it leaves the blast-furnace, and discusses 
the advantages and disadvantages of adopting this practice at 
American works. He outlines a scheme which includes the use of a 
200-ton travelling ladle to convey metal from the blast-furnace to 
the mixer and 30-ton ladles designed with a slag trap at the spout. 
The desulphurising agent—soda ash or caustic soda—is added to 
the metal in the 30-ton ladle, and a swivelling exhaust hood is 
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swung over this ladle to draw off the gases which are evolved by the 
reaction. The author estimates that the cost of reducing the 
sulphur from 0-07% to 0-035%, including that of the reagent, 
refractories and labour, should not exceed 30 cents per ton in the 
Pittsburgh district. 

Desulphurising of Pig Iron by Ladle Treatment with Soda Ash or 
Caustic Soda, and a Non-technical Discussion of the Reactions of 
Alkali Slags. G. S. Evans. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 962; Metals 
Technology, 1938, vol. 5, Sept. : Foundry Trade Journal, 1938, vol. 
59, Oct. 13, pp. 269-271, 267). The author explains the reactions 
which take place when alkalies are used to remove the sulphur 
from molten iron in the ladle. He stresses the importance of 
selecting the reagent which suits the metal to be treated so as to 
bring about the required degree of sulphur-removal. The most 
important factor affecting desulphurisation, apart from temperature 
and the reagent itself, is the rapid obtainment of intimate contact 
between the metal and the slag. Caustic soda produces a more 
violent boiling action and therefore promotes contact between the 
metal and the slag more rapidly than does soda ash, but the boiling 
may be prolonged by additions of soda ash. 

Manufacture of Pig Iron.—Notes on Present and Future. R. 
Sharp. (Proceedings of the Cleveland Institution of Engineers, 
1937-38, No. 4, pp. 163-170). In his brief paper the author 
refers to the iron ore reserves of the Cleveland district (England) 
and the use of Northamptonshire as well as foreign ores. He 
suggests that a ship canal constructed from near King’s Lynn into 
Northamptonshire for the shipment of ores to Middlesbrough, with 
return cargoes of Durham coal and coke, would benefit the iron and 
steel industries of both the Midlands and Cleveland. He gives 
some brief particulars of the Brassert process of pig-iron production 
at Corby, which consists of working a slag in which the lime and 
silica are about equal, the iron being subsequently desulphurised in 
the ladles, and concludes with a reference to the poor geographical 
position with regard to ore supplies of the new works of Richard 
Thomas & Co., Ltd., at Ebbw Vale. 

Furnace Charge Descent. A.J. Boynton. (Steel, 1938, vol. 103, 
Oct. 17, pp. 50-53). The author cites evidence produced by the 
Bureau of Mines and by his own observations, from which he 
deduces that the movement of stock in a blast-furnace occurs chiefly 
within an annular space adjacent to the wall until the stock reaches 
a depth at which the furnace diameter is equal to that of the hearth. 
Below this point, the descent is less close to the wall, although its 
effect on the brick is more severe because of the increase in tem- 
perature. The descent to the tuyere level continues to be through 
an annular space, which becomes something like a circular system of 
funnels as the tuyeres are approached. In the author’s opinion it 
seems probable that although furnaces working with favourable raw 
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materials may continue to operate as at present, furnaces working 
with refractory ores or coke with a high ash content may be operated 
more economically by desulphurising the iron outside of the furnace, 
In conclusion the author comments on the attempts to improve 
blast-furnace working by using a tuyere which is capable of in- 
creasing the area within which the coke is burned. If this can be 
done, the descent of the stock to the tuyere level is facilitated. The 
latest example of an attempt to do this is that of C. Steinbacher, 
who claims to have improved blast-furnace operation by using 
tuyeres set at a lateral angle of 22}° to the centre line. 

Smelting Iron Ore in Switzerland. R. Durrer. (Stahl und 
Eisen, 1938, vol. 58, Oct. 13, pp. 1105-1106). After briefly reviewing 
the history of iron-making in Switzerland, the author gives some 
particulars of the occurrence of ore at Fricktal in Aargau and at 
Gonzen in the upper Rhine valley. The total quantity available 
is estimated to be capable of producing 15-20 million tons of iron. 
In discussing the possibility of smelting these ores, the author 
shows that they could be reduced in electric furnaces using gas- 
coke, with which coke breeze and anthracite could be mixed. In 
experimental work it was found that 2900-3900 kWh. were required 
to produce 1 ton of iron, but with a continuous process on a com- 
mercial scale this could be reduced to about 2500-3500 kWh. 

Presidential Address. D.E. Roberts. (Institution of Mechanical 
Engineers, Oct. 21, 1938: Engineer, 1938, vol. 166, Oct. 28, 
pp. 463-464: Engineering, 1938, vol. 146, Oct. 28, pp. 519-521). 
In his address, the speaker reviews the developments which he 
has himself witnessed in blast-furnace, steel-furnace and rolling- 
mill practice. He stresses the importance of skilful management, 
and from this proceeds to a discussion of the methods of training 
engineers. In this he points out that the quality of possessing 
“ good judgment,” as well as examination results, should receive 
consideration in the selection of men for high positions, 
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The Recovery of Iron from Foundry Sweepings. U. Lohse. 
(Giesserei, 1938, vol. 25, Sept. 23, pp. 473-474). The author 
describes a machine recently put on the market in Germany for 
the separation and recovery of pieces of iron from foundry sweepings. 
This machine weighs about 10 cwt., can be moved about quite easily, 
has a short feeder conveyer belt about 12 in. wide, is driven by a 
3-h.p. electric motor, and has a throughput of about 4 cu. m. of 
sweepings per hr. The actual separation of the iron is done by 
means of a revolving magnetic drum. 

Budgetary Control and Standard Costs. T. McAlpine. (Foundry 
Trade Journal, 1938, vol. 59, Aug. 11, pp. 103, 112; Aug. 18, pp. 
122-123; Aug. 25, pp. 137-138; Sept. 1, p. 156; Sept. 8, pp. 175- 
176 ; Sept. 15, p.194). The author shows that the trend in foundries 
towards more mechanisation increases the necessity of budgetary 
control, and goes on to describe methods of making long-period 
and short-period forecasts and the preparation of monthly profit 
and loss accounts. A number of specimen budget forms for different 
purposes, such as the core-shop budget, the cupola production 
budget, and the budget form suitable for a jobbing foundry, are 
reproduced. 

Melting in the Cupola. H. Jungbluth and H. Korschan. (Archiv 
fiir das Eisenhiittenwesen, 1938, vol. 12, Oct., pp. 167-173). See 
Journ. I. and §.I., 1938, No. IT., p. 134 a. 

The Quality of Metal Rolls. I. K. Antsiferov. (Kachestvennaya 
Stal, 1937, No. 5-6, pp. 58-62). (In Russian). A number of 
examples are quoted which illustrate some faults in rolls, such as, 
for example, incorrect chemical composition, graphite inclusions, 
incorrect and irregular cooling, internal cracks, &c., all of which 
lead to a premature failure of the rolls. As a result of the con- 
sideration of these faults and their effects, the author suggests a 
number of improvements in the production process with the object 
of producing high-quality rolls. 

Locomotive Castings. W.M. Sheehan. (Steel, 1938, vol. 103, 
Oct. 3, pp. 38-39, 47). After referring to some points in the 
improved technique of producing steel castings, the author gives a 
brief account of the development of cast-steel locomotive frames in 
the United States. The point has now been reached when the cast- 
steel frame includes the cylinders, boiler support, guide brackets, 
air-pump brackets, air reservoirs and provision for roller bearings. 
This practice has resulted in greatly decreased maintenance costs, 
but, on the other hand, the initial cost, especially for machining, is 
considerably higher. 

Steel Foundry Equipped with High-Frequency Furnaces. N. I. 
Dorogov. (Kachestvennaya Stal, 1937, No. 10, pp. 41-49). (In 
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Russian). The layout of the foundry at the Lenmetallurgstroy 
Works for the individual and mass production of small steel castings 
is described in detail under the headings of raw material stores, 
power-plant, melting-shop, foundry, moulding and core shops, 
sand-processing department and knock-out shop. A final section 
deals with the ventilation equipment of the foundry. The melting 
equipment consists of six high-frequency induction acid-lined 
furnaces, each of 1000 kg. capacity. 

Some Fundamental Properties of Moulding Sands. W. J. Rees. 
(Foundry Trade Journal, 1938, vol. 59, Oct. 13, pp. 274-276). 
After some remarks on the work of P. G. H. Boswell, who during the 
war studied the characteristics of moulding sands for steel foundries, 
the author proceeds to a detailed discussion of such properties as the 
plasticity, size and shape of grains, nature of the grain surface, 
green and dry strength, permeability and refractoriness, all of which 
are to a great extent interdependent. He refers to the development 
of synthetic sands in America, which is due to the lack there of 
naturally-bonded moulding sands. The synthetic sand consists of 
a mixture of a suitable sand with 5% of plastic clay. He describes 
the properties which are desirable in the bonding clay for making 
synthetic sands, and shows that bentonite, a very highly colloidal 
clay, is very suitable for this purpose. 

Developments in Melting Furnaces. (Industrial Heating, 
1938, vol. 5, July, pp. 606-610, 616). In this article brief descrip- 
tions are given of an induction-type furnace for zinc melting, a gas- 
fired crucible furnace for brass, the Brackelsberg rotary furnace, a 
10-ton cradle furnace and a furnace for pulverised-coal-firing having 
an air-cooled bottom. 

Russell’s Foundries at Leicester Revisited. V. C. Faulkner. 
(Foundry Trade Journal, 1938, vol. 59, Sept. 29, pp. 233-235). An 
account is given of the improvements and extensions to the two 
foundries of S. Russell and Sons, Ltd., Leicester. The company 
specialises in the production of high-duty and alloy cast irons, such 
as Ni-Resist and Ni-Tensyl. The plant and equipment described 
include a 1-ton oil-fired rotary furnace, two cupolas with iron bricks 
and ring supports to attain a long life for the lining, moulding 
boxes made of Ni-Tensyl iron, another cupola with six tuyeres 
melting 34 tons per hr., and a sandslinger machine. 

Duplexing Malleable Cast-Iron. G. A. Schumacher. (Foundry, 
1938, vol. 66, Oct., pp. 22-24, 88, 90). The author describes the 
furnaces and equipment of the Albion Malleable Iron Co., Albion, 
Michigan, a company now completing its fiftieth year of production 
of malleable-iron castings. The company now uses the duplex 
process, which requires the simultaneous operation of one or two 
cupolas with one of two air furnaces. The latter are fired with 
pulverised coal. Preheated air mixed with the correct volume of 
cold air and powdered fuel enters the furnace at approximately 
270° F. and produces a flame temperature of about 3200° F. as 
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observed through a test door 8 ft. from the tips of the burner. The 
hearth of the air furnace is 33 ft. long and 8 ft. wide, with an average 
height of wall of 27 in. The combined equipment will produce 20 
tons of white cast iron per hr. at 2900° F. The moulding equipment, 
annealing furnace and laboratory are also described. 

Foundry Sand System. L. Colby. (Iron Age, 1938, vol. 103, 
Oct. 17, pp. 54-56, 75). A description is given of a conveyor system 
for moving and preparing foundry sand which has recently been 
installed at an American foundry. The machinery includes 13 belt 
conveyors, 4 apron feeders, 4 bucket elevators, numerous hoppers, a 
vibrating screen, a sand distributor and a paddle mixer. This 
installation stores the sand, conveys it to many small hoppers within 
easy reach of the moulders, collects the sand after casting, recondi- 
tions it and feeds it back to the storage system. 

The Fluidity of Liquid Metals. (Metallurgist, 1938, vol. 11, Oct.,pp. 
169-171). A brief summary is given of the researches on castability 
published by E. Lips and H. Nipper in Giesserei, 1938, vol. 25, 
July 29, pp. 369-372 (see Journ. I. and 8.I., 1938, No. IT., p. 282 a). 
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South Works of the United States Steel Corporation. C. 
Longenecker. (Blast Furnace and Steel Plant, 1938, vol. 26, Aug., 
pp. 786-822). The author surveys the history of the growth of what 
is now the South Works of the Carnegie-Illinois Steel Corporation 
from the purchase in 1880 of the site at the southern extremity of 
Lake Michigan to the present time, when the works covers 591 acres 
and has a production capacity of 3,876,000 tons of steel per annum. 
The author then describes in three separate sections the works as they 
are to-day. In the first section he deals with the blast-furnaces and 
steel-furnaces. The second section is devoted to a description of the 
rolling mills, and in the concluding section he describes the power- 
stations and their auxiliary equipment. 

Italian Plant Features High-Frequency Furnaces. M. 
Kauchtschischwili. (Iron Age, 1938, vol. 142, Sept. 22, pp. 40-44). 
The author describes the electric furnaces which form part of the 
plant at the steelworks of the Cogne Co., Aosta, Italy. This new 
high-frequency furnace plant consists of four furnace units with 
capacities of 8 tons, 6 tons, 1760 lb. and 330 1b. The average energy 
consumptions per ton of steel produced by the 8-ton and 6-ton 
furnaces are 679-5 kWh. for the former and 670 kWh. for the latter, 
with average melting times of 4 hr. 37 min. and 3 hr. 36 min. respec- 
tively. Full details of the operating characteristics are given in 
tabular form. 

New Developments at the Cleveland Works of Dorman, Long & 
Co., Ltd. (Iron and Steel Industry, 1938, vol. 12, Oct., pp. 3-4). 
Brief particulars are given of four new fixed basic open-hearth steel 
furnaces fired with coke-oven gas. Three of these have a capacity of 
100 tons each, and the fourth, which has just been completed, is still 
larger, the bath measuring 48 ft. long by 13 ft. 6 in. wide inside the 
dolomite banks. The roof has a span of 20 ft., and is constructed of 
non-spalling basic bricks carried in water-cooled skewback castings 
that are fully floating against cushioning springs. A new mechani- 
cally-charged blast-furnace at the same works is also described. 

The Functions of the Planning Department in the Various 
Branches of a Co-ordinated Iron and Steel Works. H. Faensen. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Oct., pp. 219-221). 
The author discusses the principles to be observed when estimating, 
costing and arranging the working programmes for the machine 
shops, repair shops, and the forging, casting and rolling-mill depart- 
ments of an engineering works. 

Estimating the Progress of the Refining Action in the Basic 
Bessemer Converter with the Aid of the Analysis of the Waste Gases. 


- R.Frerich. (Stahl und Eisen, 1938, vol. 58, Oct. 20, pp. 1138-1148). 
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The author compares the results of a number of analyses of the waste 
gas from basic Bessemer converters, and reproduces several graphs 
which show the relation between the percentages of oxygen, carbon 
dioxide and carbon monoxide during the course of the refining 
process, both with and without the use of carbon as a reducing agent. 
He shows how the results of the gas analyses can be used as indicators 
to control the refining process, in particular when the analyses are 
obtained before the process of phosphorus-removal begins. 

The Working to a Time-Plan of the Open-Hearth Shops of the 
Petrovskiy Works. Yu. Zelichenok andI.Moshkevich. (Stal, 1938, 
No. 4, pp. 24-32). (In Russian). A detailed description of the 
introduction of a system of working 10 open-hearth furnaces to a 
time-plan is given. All the accessory operations are synchronised 
with the working of the furnaces. 

Conditions Ensuring the Production of High-Grade Medium- 
Carbon Steels. A. Dudar. (Stal, 1938, No. 4, pp. 18-23). (In 
Russian). Using statistical data (presented in the form of curves), 
the author examines the effect of some factors in open-hearth 
practice and rolling practice on the quality of medium-carbon steel. 
In connection with open-hearth practice, attention is given more 
particularly to the influence of the melting time on the quality of the 
metal, the influence of the boiling time, the effect of the rate of 
removal of the carbon during the last hour of boiling, the influence of 
the time at which additions of ore are made, and, finally, the effect 
of the manganese content of the bath and of the deoxidation with 
ferro-manganese on the quality of the steel. 

Utilisation of Chromium-Nickel and Chromium-Molybdenum Steel 
Scrap in Acid Arc Furnaces. Yu. Shul’te. (Stal, 1938, No. 4, pp. 
56-62). (In Russian). The author describes experiments on the 
melting of alloy steel scrap in acid arc furnaces. In the first period 
of melting the bath, which may contain 0-4-1-5% of chromium, is 
covered with an acid slag (SiO, 45-55%, FeO + MnO 35-45% and 
Cr,0, 5-8%). The chromium oxide has been shown to be present in 
the slag in the uncombined condition and at a suitable temperature, 
depending on the carbon and chromium oxide contents ; reduction of 
the latter by the carbon takes place. At the end of the first period 
the slag is completely removed and replaced by one consisting, for 
example, of 80°% of quartz sand, 10% of lime and 10% of fireclay. 
The bath is deoxidised with ferro-manganese and the alloy composi- 
tion is corrected. 'To the deoxidised bath is added ferro-silicon, in 
order to bring the silicon content of the steel to 0:3%. During 
tapping, the steel is deoxidised by adding 0-5-0-8 kg. of aluminium 
per ton. The method described is suitable for melting charges 
consisting entirely of alloy steel scrap. Data obtained during the 
large-scale trials of the method are given. 
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The Liquid Slag Operation of Soaking Pits at the Kuznetskiy 
Works. T.Shklyar. (Stal, 1938, No. 2, pp. 43-45). (In Russian). 
Some information is given about the methods adopted in order to 
work the pits for the heating of steel ingots with a layer of liquid 
slag at the bottom instead of the previously used 0-5-0-7 m. layer of 
fine coke on a magnesite/fire-clay brick foundation. For use with 
liquid slag, the layer of coke was replaced by a tamped magnesite 
lining, over which was spread a layer of magnesite powder. In 
view of the higher operating temperatures (1350-1500° C. instead 
of 1300-1450° C.), it is suggested that the thickness of the magnesite- 
brick foundation should be increased. Methods adopted for tapping 
the slag are described. In spite of initial difficulties encountered, 
the output capacity of the “‘ liquid slag-bottom ”’ pits has been higher 
than that of the “ dry-bottom ”’ pits, in view of the more rapid heat- 
ing of the ingots as a result of the higher temperatures, and par- 
ticularly because of the reduced time taken to tap the slag as 
compared with that required to renew the coke layer in the “ dry- 
bottom ”’ pits. 

Continuous Skelp-Heating Furnace for Manufacturing Butt- 
Welded Pipe. (Industrial Heating, 1938, vol. 5, Sept., pp. 806- 
814). A detailed description is given of the furnace equipment used 
by Spang Chalfont and Co., Etna, Pa., for heating strip for making 
butt-welded tube. The heating chamber is 116 ft. long, and is fired 
by natural gas through 274 small burners along the walls. The air 
for combustion is preheated to 900° F. in metal recuperators. . (The 
equipment of the pipe mill of this company was described in a 
previous article ; see Journ. I. and 8.1., 1938, No. II., p. 287 4). 
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ROLLING-MILL PRACTICE 





The Spread of the Metal when Round High-Carbon Steel Wire is 
Rolled Flat. A.PompandH.Hodhle. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 14, pp. 167— 
192). The authors investigated the effect of different conditions of 
rolling upon the spread of the metal when round wire is cold-rolled. 
(See also Stahl und Eisen, 1938, vol. 58, Sept. 1, pp. 937-943, and 
Journ. I. and 8.I., 1938, No. II., p. 356 ). 

Determination of the Initial Diameter of Round Wire before 
Rolling Flat. W. Lueg and A. Pomp. (Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 14, 
pp. 193-197). From the results of an investigation by A. Pomp and 
H. Hohle (see preceding abstract), the present authors show that in 
the rolling process described a definite relationship exists between the 
width and thickness of the product, the diameter of the raw material 
and the diameter of the rolls. From this they develop a diagram 
from which it is possible to determine readily the diameter of the 
round wire to be used when the other three factors are known. (See 
Journ. I. and 8.I., 1938, No. II., p. 356 a). 

The Influence of Sheet Width in the Cold Rolling of Steel Sheets. 
H. Bohr. (Iron and Steel Industry, 1938, vol. 12, Oct., pp. 5-8). A 
translation of an article which appeared in Stahl und Eisen, 1938, vol. 
58, Aug. 18, pp. 888-890. (See Journ. I. and 8.I., 1938, No. IL., 
p. 287 A). 

The Fight Against Scale on the Surface of High-Quality Carbon 
and Alloy-Steel Rolled Products. I. Antsiferov. (Stal, 1938, No. 4, 
pp. 42-46). (In Russian). Experimental work by the author 
showed the three-layer structure of scale. The two outer layers 
break away comparatively easily at elevated temperature. It was 
shown that the adhesion of the inmost, or third, layer of scale was 
greater the more ferrous oxide it contained. The formation of an 
adhering scale—i.e., one with a high ferrous-oxide content—is 
favoured by temperatures between 900° and 1000° C. In the second 
part of the article the author examines the effect of different section- 
rolling sequences on the amount of scale on the surface of the rolled 
products. Finally reference is made to the use of steam or water, and 
water and steel-wire brushes for the removal of scale during rolling. 

Improving the Roll Pass Design of Three-High Blooming Mills. 
P. Alexandrov. (Stal, 1938, No. 4, pp. 33-42). (In Russian). A 
critical examination of data regarding blooming-mill roll pass design 
at a number of Russian works leads the author to some general 
conclusions regarding the design of such rolls. The possibilities 
of improving some of the roll pass designs examined are pointed out. 

Compound Cast Rails—Their Manufacture and Advantages. (Iron 
and Steel Industry, 1938, vol. 12, Oct., pp. 15-16). A brief review of 
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the development of the manufacture of compound steel rails is given, 
and test data respecting some rails manufactured by this process 
by Kléckner-Werke, A.G., of Osnabriick, are presented. 

The Influence of Design and Surface Finish of the Rolls in the 
Hot-Rolling Stage on the Properties of Cold-Rolled Steel Strip. Ya. 
8. Gallay and 8S. M. Lyubchanskiy. (Kachestvennaya Stal, 1937, 
No. 9, pp. 27-32). (In Russian). The authors examined the 
influence of surface defects in the billets, as well as that of defects in 
the design and surface finish of the rolls used in the hot-rolling stage 
of the rolling process in the production of steel strip for springs. An 
improvement was obtained by replacing the old square—rectangle- 
hexagon-oval-square-oval-square rolling sequence by a square- 
rectangle-square-rectangle—hexagon-square—oval-square sequence. 
Numerous photographs are used to illustrate defects arising out of 
irregularities in the surface of the original billets, as well as those 
due to faulty rolling caused by worn rolls. 

Three-High Mill at Ayrton Sheet Works. (Iron and Coal Trades 
Review, 1938, vol. 137, Oct. 21, pp. 617-621). A description is given 
of the new three-high sheet mill, the reconstruction of other mills, 
the pack-furnaces, shears, conveyors and other equipment at the 
Ayrton works of Dorman, Long and Co., Ltd. Numerous illustra- 
tions accompany the article. 

The Production of Thin Strip from Tungsten Magnet Steel. 
B.S. Shapiro. (Kachestvennaya Stal, 1937, No. 10, pp. 34-37). (In 
Russian). The object of the investigation was to establish the 
correct rolling practice in the production of 2-mm. thick strip of 
6% tungsten steel which would enable specified magnetic properties 
to be uniformly obtained in the finished product. Rolling was 
done from a 142-mm. square billet at a temperature of 1180-1200° C. 
This was followed by further rolling at 1150-1180°C., pickling of 
the rolled material in 10% sulphuric acid and finish-rolling after 
heating to 750°C. The rolled material was annealed at 730° C. for 
5 min. The 2-mm. thick strip produced in this way satisfied the 
given conditions as regards magnetic properties, namely, coercive 
force > 60 oersted and flux density > 9500 gauss. 

New 44-in. Mill Expands Inland’s Hot Strip Capacity. (Iron 
and Steel Engineer, 1938, vol. 15, Oct., pp. 22-31). Inland’s 
44-in. Mill Attains Finishing Speed of 2200 Feet per Minute. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Sept., pp. 901-906). Descrip- 
tions are given with numerous illustrations and blue-prints of the con- 
tinuous strip-mill recently installed by the Inland Steel Co., Indiana 
Harbor. (See Journ. I. and §.I., 1938, No. II., p. 360 a). 

Cold Rolling Mills. M. A. Leychenko. (Kachestvennaya Stal, 
1937, No. 10, pp. 50-52). (In Russian). The advantages and 
disadvantages of various types of rolling-mill design are briefly 
considered, with particular reference to the four-high type of mill. 

The Electrical Equipment of a Modern Steel Tube Plant. (Engineer- 
ing, 1938, vol. 146, Oct. 21, pp. 469-471). A description is given 
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of the electrical equipment of the tube works at Stewarts and Lloyds, 
Ltd., Corby. The Fretz-Moon tube-welding process uses drives of up 
to 35 h.p. with a 5 to 1 speed range, whereas the requirements of the 
Wellman seamless process are much more exacting, and include 
drives of up to a peak of 500 h.p., with a heavily fluctuating and 
reversing load and a zero to 300-r.p.m. speed range. The arrange- 
ments for the distribution of the current for these, as well as for the 
auxiliary hydraulic and pneumatic plant, are discussed in detail. 

Classification of Defects in Pierced Blooms and Tubes. N. 
Laptev. (Stal, 1938, No. 4, pp. 51-55). (In Russian). After 
discussing the various types of defects, the author traces the con- 
nection between the defects in the original ingots and those in the 
outer and inner surfaces of pierced blooms and tubes. 

Flame Scarfing. T. W. Lippert. (Iron Age, 1938, vol. 142, 
Oct. 13, pp. 40-53, 81). After tracing the progress of various 
methods used at steel mills to remove the skin, and thereby the 
surface defects, from a bloom or slab, the author describes the 
“ Lin-De-Surfacer ’”’ machine, which is capable of removing a layer 
from #4 to } in. thick from two opposite faces of a bloom simul- 
taneously at a speed exceeding 100 ft. per min. A machine has 
been designed to condition all four faces in one operation, but with 
the duplex machine the bloom is passed through twice if it is re- 
quired to condition all four faces. The machine consists of a stand 
carrying two banks of oxy-acetylene burners, between which the 
bloom moves on hardened under-guide shoes. Two pairs of com- 
pressed-air jets, one impinging on the top surface and the other on 
the bottom surface of the bloom, remove any slag which may tend 
to flow on them from the other two surfaces being treated. Each 
bank of burners is fully floating, both horizontally and vertically, so 
that they both remain in correct alignment with the bloom at all 
times. The machine is usually placed just after the blooming-mill 
shear. When a hot bloom at a temperature of about 1800-2000° F. 
enters the machine, the operator turns on the preheat gases, and the 
surface temperature is raised to about 2600° F. in about 2 sec. The 
cutting pressure is then turned on and the bloom passes between the 
banks of burners, which burn off a layer of metal to the required 
depth. It is stated that the slag obtained contains approximately 
80% steel and 20% oxide, and can be recharged into an open-hearth 
or blast-furnace. In America this machine is proving itself to be an 
oan proposition in steel mills rolling blooms larger than 

xX 5 in. 

D.C. Crane Equipment for Modern Steel Mill Cranes. J. A. 
Jackson. (Iron and Steel Engineer, 1938, vol. 15, Oct., pp. 64-71). 
The author describes some of the recent changes in crane design, 
such as the use of roller bearings, tapered track wheels, totally en 
closed oil-immersed gearing, and power limiting switches, and their in- 
fluence and that of higher speeds on the design of the motors operating 
the bridge, trolley and hoist motions of an overhead travelling crane. 
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Forced Convection Heating and its Control. A. T. Greiner. 
(fron and Steel Industry, 1938, vol. 11, Sept., pp. 623-625). The 
author describes the disadvantages of the earlier types of heat- 
treatment furnaces which led to the development of the cyclone 
forced-convection furnace, the outstanding features of which are, 
first, that the source of heat is outside the chamber containing the 
charge, and secondly, that a centrifugal fan is used which circulates 
the air through the charge in a vertical direction. This furnace is 
now fitted with automatic temperature control, which the author 
describes in detail. 

Bright Annealing with Protective Atmospheres. U. Schwedler. 
(Metallwirtshaft, 1938, vol. 17, Sept. 23, pp. 1006-1008; Sept. 30, 
pp. 1029-1032). The author discusses in Part I. the reactions 
which take place in the furnace in the bright-annealing process, and 
compares the effects of natural atmospheres with those of protective 
atmospheres the composition and pressure of which are artificially 
controlled. In Part II. of this paper the author describes a number 
of plants for the production, burning, cooling and drying of gases to 
be used as protective atmospheres in bright-annealing furnaces. 

The Heat Treatment of Steels in Neutral Atmospheres. E 
Herzog. (Métaux et Corrosion, 1938, vol. 14, Sept., pp. 153- 
163). The author gives a table of a large number of gas com- 
positions which form suitable furnace atmospheres for the heat 
treatment of steel, and discusses their properties. He shows that 
there are two main considerations which govern the choice of 
atmosphere and the process of preparing it. These are the raw 
materials available, and the properties it is desired to produce in the 
steel. In France the principal gases available on an industrial scale 
are producer gas, coke-oven gas, blast-furnace gasand town gas. The 
hydrocarbons and ammonia are suitable for small works treating high- 
quality steel articles. The problem of heat-treating steel without 
oxidation or decarburisation of the surface has led to an intensive 
study of the reactions between steel and hot gases, but although 
important theories have been discovered, it is still necessary to 
make a special study of each particular case. 

Long and Short Gas Flames in Industrial Heating. A. M. Capper. 
(Industrial Heating, 1938, vol. 5, Sept., pp. 790-798, 836). After 
explaining that long and luminous flames are obtained by mixing 
the air and gas slowly, and that rapid mixing produces short and 
clear flames, the author discusses the advantages claimed for eacd 
of these types of combustion. Long-flame combustion is said 
to result in an improved rate of heat transfer, more uniform tempera- 
ture, lower maintenance costs of refractories and less oxidation or 
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scaling of the charge. For short-flame combustion it is claimed that 
better control of the furnace atmosphere is possible, that it can 
be used efficiently where the space available for combustion is 
small, that the initial cost is lower and that smoke is eliminated. 
Some applications of the two kinds of combustion are illustrated by 
a number of outline drawings. 

Applications of Electric Furnaces and Controlled Atmospheres. 
H. C. Bostwick. (Industrial Heating, 1938, vol. 5, July, pp. 587- 
592, 636). The author describes a number of gas-preparation 
plants, purifiers and heat-treatment furnaces. Purifying the gas 
after partial combustion is extremely important, as water vapour 
and carbon dioxide are very active decarburising gases. The 
purifiers described and illustrated include a dual-activated alumina 
drier, an absorbtion tower for dissolving carbon dioxide and sulphur- 
removal columns. Heat-treatment furnaces of the continuous 
and pusher types and the use of controlled atmospheres are also 
discussed. 

Heat Treatment by High-Frequency Induction. L. C. Conradi. 
(Metal Progress, 1938, vol. 34, Sept., pp. 214-217). The author 
describes the principles applied and the equipment used in the heat 
treatment by high-frequency induction of small parts used in electric 
book-keeping and accounting machinery. He has found that it is 
possible to heat-treat parts made of 0-40-0-50% carbon steel which 
formerly had to be made of a low-carbon steel, and had subsequently 
to be carburised. He concludes his paper by describing some 
practical examples of the heat treatment of small machinery com- 
ponents using an 8-kW. transformer and induced currents with a 
frequency of 200,000 cycles per sec. 

Continuous Furnaces for Annealing High Alloy Strip Steel. (Indus- 
trial Heating, 1938, vol. 5, Sept., pp. 800-804). The development of 
the semi-muffle and the full-muffle types of continuous furnace 
for annealing 28°/,-chromium steel and 18/8 steel strip is described 
in this article. The importance of ensuring the exclusion of any 
fumes from adjacent pickling baths is stressed, and methods of doing 
this are described. The rolls at the exit end of the furnace are of 
special interest, because they must not only be able to withstand the 
heat from the hot strip, but their surface must not damage the strip 
inany way. It has been found that a solid steel shaft coated with a 
specially prepared refractory material is best for this purpose. 

An Internally-Heated Liquid Salt Bath. (Machinery, 1938, vol. 
53, Oct. 6, pp. 14-15). In this article the disadvantages of the 
externally heated salt bath are enumerated and discussed, and a 
description is given of an American internally heated pot in which an 
A.C. potential is applied between two electrodes immersed in the 
salt which when solid is an insulator and when liquid is a conductor. 
The pot is not subjected to any local heating or overheating, and can 
therefore be made of mild steel, and increased efficiency is obtained 
by heavy lagging. Automatic control is provided, and it is found 
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that heating the salt bath by electricity in the manner described is 
much more economical than any other method. 

Recent Advances in Heat-Treatment and Melting Equipment. 
F. J. Oliver. (Iron Age, 1938, vol. 142, Sept. 15, pp. 40-44). 
Some new instruments and equipment for use with heat-treatment 
and melting furnaces are illustrated and briefly described. These 
include temperature recorders and controllers, heat-cycle controllers, 
automatic timing switches, a direct-reading hardness-testing 
machine, a hardening furnace with a suspended muffle which is given 
a reciprocating movement, an annealing cover for wire, a laboratory 
furnace, a liquid carburising medium, a molten solder orhot-lead pump 
and some new refractory materials now on the American market. 

Chevrolet Crankshaft Production Almost a Continuous Cycle. 
J.B. Nealey. (Iron Age, 1938, vol. 142, Sept. 15, pp. 45-47). The 
author describes the almost continuous process by which crankshafts 
are made by the Chrysler Corporation, Detroit. The time required 
to make an unmachined crankshaft from a billet is only 44 hr. The 
processes include heating, forging, heat treatment and pickling. 

Making Springs. (Steel, 1938, vol. 103, Sept. 19, pp. 66-72). 
Descriptions are given of some of the forming, heat-treatment, and 
drawing furnaces used in spring making. 

The Heat Treatment of Piston Rings. H. C. Brion. (Wild- 
Barfield Heat Treatment Journal, 1938, vol. 3, Sept., pp. 17-20). 
After a comparison of the relative merits of hammered and heat- 
shaped piston rings, the author gives a description of an electric 
furnace fitted with “ heavy hairpin ” elements which is used for the 
heat treatment of piston rings. The furnace is rated at 20 kW., and 
the controlling instruments are so efficient that the temperature can 
be maintained within + 2° C. of any point between 420° and 900° C. 

A Note on the Decarburisation of Steel Surfaces. M. Riddihough. 
(Iron and Steel Industry, 1938, vol. 12, Oct., pp. 23-25). The 
author reports on a microscopic investigation on the decarburisation 
of two specimens of 0-6% carbon steel which were heated to 950° C. 
in 5 min. in an oil-fired furnace, one being then quenched and the 
other air-cooled. The micrograph of the unquenched specimen shows 
thin filaments of ferrite penetrating the matrix, whilst quenching 
apparently decreased the amount of decarburisation by keeping 
these thin filaments in solution. In the course of the examination 
the grain boundaries in the decarburised area appeared to stand in 
relief on the microsection, and further investigation showed that this 
relief effect penetrated along the grain boundaries to a much greater 
depth than the scale. This effect was especially evident in silico- 
manganese steel. 

Controlled Heat Dissipation. J. G. Coutant. (Iron Age, 1938, 
vol. 142, Oct. 13, pp. 247-254). The author describes the progress 
that has been made in America in the construction of annealing 
furnaces using light-weight refractories possessing low thermal 
conductivity. He refers in particular to furnaces for annealing 
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railway truck wheels, and explains the calculations used in the design 
of a furnace of this type. 

The Drawing of X12M Steel. P.P.Karyazin. (Kachestvennaya 
Stal, 1937, No. 9, pp. 50-51). (In Russian). The heat treatment 
prior to drawing and the suitable annealing temperatures for steel 
X12M, which contained 1-56% of carbon, 11-66% of chromium and 
0:76% of molybdenum, were studied. The effects of these heat 
treatments on the mechanical properties of the drawn material are 
summarised and demonstrated in the form of curves. 

Heat Treatment of Uncooled Steel and Recrystallisation of Cooled 
Steel at the Zaporozhstal Works. I. P. Lipilin. (Kachestvennaya 
Stal, 1937, No. 10, pp. 5-22). (In Russian). Previous work had 
shown that alloy-steel ingots could be annealed immediately after 
teeming if an isothermal annealing treatment was used. For this 
purpose the hot ingot was allowed to cool to a temperature some 
50-100° C. below the Ac, point, and held at that temperature for a 
time sufficient for the transformation of the austenite formed by 
cooling from the molten state into a mixture of ferrite and cementite 
to take place. In the present investigation more detailed data were 
obtained concerning the similar treatment of a number of alloy tool 
steels, and the work was subsequently extended to the study of the 
possibility of applying such treatment to forgings. In the first part 
of the paper experiments to determine the most suitable conditions 
under which this treatment should be applied to high-alloy tool 
steels, ball-bearing steels, chromium-tungsten, chromium-tungsten- 
manganese and other tool steels, chromium-nickel steels, low-alloy 
structural steels, carbon-tool steels and non-heat-treatable steels are 
described. In the second part, the annealing of steels which have 
been allowed to cool down to room temperature is discussed, and in 
conclusion a brief comparison is made between the annealing of 
uncooled steel and the ordinary annealing treatment. 

Coiled Silicon Strip Steel. B. Longwell. (Iron Age, 1938, vol. 
142, Sept. 22, pp. 52-53, 82). The author relates how some of the 
difficulties encountered in the production of coils of silicon-steel 
strip were overcome. A new annealing technique had to be 
developed, so that the strip would stay flat when uncoiled, and some 
method had to be found of restoring to the steel the desired electrical 
properties which are destroyed by the cold-rolling of the strip. The 
heat-treatment technique which is now used consists of pulling the 
ribbons of strip at exact and predetermined speed and temperature 
through furnaces which have controlled atmospheres and rollers in 
the hearth. The lengths of strip are temporarily welded together, 
and the strip is coiled some distance from the discharge end after it 
has had time to cool to room temperature. After being treated in 
this way it has the property of lying flat when uncoiled. The 
treatment in this type of furnace anneals the strip very uniformly, 
and does not destroy the electrical properties of this silicon steel. It 
is also found that the oxide left on the strip when annealed by this 
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process is not only extremely tenacious, but is also very thin. It 
therefore does not peel off when the strip is punched, and the life of 
the punching die is increased, as there is no loose material and the 
coating is thinner than the miil scale produced by the old process. 

The Effect of Under-Critical Annealing Treatments on Cold 
Drawn Carbon and Alloy Steels. F.C. Brandon. (Wire and Wire 
Products, 1938, vol. 13, Oct., pp. 531-543). The author first 
discusses the results of tests on a number of steels to different 
American standard specifications which demonstrate the effect of 
varying degrees of cold-work upon the physical properties of the steel, 
and he then describes a second and more thorough investigation 
undertaken to determine whether physical properties comparable 
with those obtained by heat treatment could be imparted to wire 
rods by means of cold-working and low-temperature annealing. 
The results are presented by means of graphs and tables which 
show the ultimate strength, yield point, reduction of area, elonga- 
tion, Brinell hardness and Izod impact test results in relation to the 
percentage reduction in area by cold-drawing and to the various 
temperatures at which the specimens were annealed. The 
results show that in general a considerable increase in both tensile 
strength and yield point can be reasonably expected by annealing 
at temperatures between 500° and 800° F. after cold-drawing. The 
author also considers that wire rods cold-drawn and annealed to 
produce certain physical properties would have better machining 
properties than rods with the same physical properties produced by 
heat treatment. 

40-Ton Annealing Furnace for Steel Castings. (Engineering, 
1938, vol. 146, Oct. 7, pp. 434-435). A description is given of a 40- 
ton coal-fired annealing furnace at the works of Kryn and Lahy 
(1928), Ltd., Letchworth. The charge is placed on the platform 
of a heavy bogie with a loading surface of 22 ft. by 12 ft., and this 
platform forms the floor of the furnace. The bogie moves over two 
lines of wheels with flanges at the centre, and is drawn in and out 
of the furnace chamber by two endless chains. Mechanical stokers 
driven by independent motors with infinitely variable gears enable 
the fuel requirements of the furnace to be adjusted to a nicety. 

Cold Working Steels. R. Saxton. (Iron and Steel Industry, 
1938, vol. 11, Sept., pp. 599-600). The author discusses the three 
principal stages of the reduction of steel by cold-working. 
These are the full annealing or normalising as may be required, the 
acid-cleaning to remove oxides and promote a surface condition 
favourable to easy slip, and the drawing or cold-working. The 
article is chiefly concerned with the heat-treatment processes. 

Hardening ‘ Moly ’’ Steels. (Steel, 1938, vol. 103, Oct. 3, pp. 
48-49). Some information is given on the selection of molybdenum 
steels which are to be flame-hardened, and the correct preliminary 
heat treatment is also discussed. It is stated that manganese- 
molybdenum steels have been produced for making tool joints for 
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oil-well drilling and for brick dies, and have been heat treated 
to produce a hardness of 600 Brinell without distortion. 

Flame Hardening and its Principles. H.H.Langebeck. (Weld- 
ing Journal, 1938, vol. 17, Sept., pp. 28-32). After briefly de- 
scribing two methods of flame hardening—namely, the progressive 
method, in which only a limited portion of the surface is heated by 
the blowpipe and then quenched, and the spinning method, in which 
the entire surface of the work is gradually heated to the desired 
temperature and then quenched along the circumference—the 
author discusses the effects of the chemical composition of the material 
and the rate of cooling in the quenching medium upon the ultimate 
hardness properties. In considering the spinning method, the author 
produces graphs based on experimental data published by H. Voss 
which show the increase in hardness penetration and the growth 
of the transition zone as the number of revolutions is increased. 

The Improvement of Oil Quenching Media. M. Zakladnyy and 
8. Dorogov. (Kachestvennaya Stal, 1937, No. 4, pp. 43-49). In 
Russian). In this work attempts were made to obtain a quenching 
medium intermediate in properties between water and oil, without 
the disadvantages attaching to aqueous quenching media. With this 
object, the effects of a large number of additions to machine oil were 
investigated. A number of these addition agents were found to 
have a marked effect on the rate of cooling. Birch-tree pitch added 
to the extent of 15° was found to have the most beneficial effect 
when the quenching medium was used at a temperature of 100° C. 
The effectiveness of the various media prepared was studied on a 
steel containing 0-5% of carbon, 0-9% of manganese, 0-20% of 
sulphur and 0-035% of phosphorus. 











( 28a ) 


WELDING AND CUTTING 





To Weld or To Cast? C. Stieler. (Giesserei, 1938, vol. 25, 
Oct. 7, pp. 496-501). In comparing the advantages and dis- 
advantages of welding with those of casting, the author discusses 
the mechanical properties of the material, the costs of materials and 
labour and the possibility of having finished goods rejected. He 
concludes by declaring that although welded articles have now taken 
the place of many castings, there are still spheres in which the latter 
hold their own. No general rules to decide the choice between 
welding or casting can be laid down, but a decision must be made 
on the merits of each case. 

The Oxy-Acetylene Welding of Corrosion-Resistant Steels. W. 
D. Wilkinson. (Welding Journal, 1938, vol. 17, Sept., pp. 33-39). 
The author shows that although there are corrosion-resisting steels of 
many different analyses, they can be classified in three groups for 
purposes of oxy-acetylene welding. These groups are: (1) Straight 
high-chromium steels that are hardenable, which usually contain up 
to about 14% of chromium ; (2) straight high-chromium steels which 
are not hardenable, which usually contain above 14% of chromium ; 
and (3) austenitic chromium-nickel steels, of which the 18/8 stainless 
steel is the most common. He then proceeds to describe the correct 
welding technique applicable to each group, and the heat treatment 
to which the welds should be subjected. 

European Welding Practice and American Trends. C. H. 
Jennings. (Iron and Steel Engineer, 1938, vol. 15, Oct., pp. 54-59). 
In his comparison of European and American welding equipment and 
technique, the author finds four main points for discussion. These 
are : (1) As production in Europe is, generally speaking, not as large 
as it is in America, the use of expensive welding processes has not 
developed so much in the former continent ; (2) in Europe details of 
design are often specified by individual purchasers, and this tends to 
prevent the standardisation of the production of welded articles ; (3) 
the wages of European workers are lower, whilst the cost of raw 
materials is somewhat higher than in America, so that it is un- 
economic to employ in Europe many of the labour-saving devices 
which are common in America; and (4) many of the materials used 
in America are not readily available in Europe. He also refers to the 
fact that bare electrodes are used much more in Germany than 
covered electrodes. The reason for this is probably that the Ger- 
man State Railways and the German Admiralty accept them in their 
specifications. 

Welding Silicon Steels. W. Spraragen and G. E. Claussen. 
(Welding Journal, 1938, vol. 17, Sept., Supplement, pp. 1-7). The 
authors review the literature to July 1, 1937, on this subject and 
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reproduce tables showing the mechanical properties of atomic 
hydrogen welds, the magnetic properties of silicon-steel weld-metal, 
and the percentage reduction of silicon in the weld metal in both the 
oxy-acetylene and the arc-welding processes. Some questions which 
the authors suggest as deserving further investigation include the 
mechanical testing of welded silicon steels, the correlation of the 
effects of carbon and silicon on welds, why silicon reduces the poro- 
sity of welds, and the efficient transfer of silicon from welding rods 
as a function of the slag composition and the speed of welding. 

The Flash Welding of Rails. R.Salelles. (Revue de la Soudure 
Autogéne, 1938, vol. 30, Sept., pp. 493-496). The author presents 
a detailed description of a flash-welding machine for butt-welding 
rails. This machine has a welded steel bed-plate, within which the 
transformer, commutator and contactor are housed. The hydrauli- 
cally operated clamps are capable of exerting an upsetting pressure 
of 42 tons. The current is fed to the rails through two pairs of 
water-cooled copper electrodes, and the whole process is controlled 
from an instrument pulpit at some distance from the machine. The 
process is in five stages : (1) Aligning the rails by adjusting the level 
of the electrodes and the roller guides; (2) the first upsetting by 
compressed-air power ; (3) the second upsetting by hydraulic power ; 
(4) the preheating and the final flash welding, the current for the 
final operation being switched on automatically when the pre- 
determined requisite upset pressure is attained ; and (5) the release 
of the welded rails. After this the joint has to be trimmed and 
ground. Elaborate safety devices to prevent excess pressure from 
building up are incorporated. The author points out that in 
designing the machine it was considered more important to reduce 
the electric power required than to concentrate on making the weld 
in the shortest possible time, so that the maximum power required 
with this machine is 350 kVA., as compared with 1200 kVA. in other 
machines, and 12 welds per hr. can be made with it. 

Assemblies for Welding. J. Steur. (Bulletin de la Société des 
Ingénieurs Soudeurs, 1938, vol. 9, May-July, pp. 3135-3168). The 
author describes and explains the use of clamps and jigs for assemb- 
ling parts preparatory to electric welding. Numerous illustrations 
are given. 

Stress Relieving and Preheating. W.G.Theisinger. (Iron Age, 
1938, vol. 142, Oct. 13, pp. 131-138; Oct. 20, pp. 22-25). In the 
first part of this paper the author describes an investigation of the 
stresses set up in steel plate by electric welding. In one case a pair 
of plates 36 x 12 x + in. were welded by hand, depositing several 
beads ; and in the other case a similar pair of plates were welded in 
a machine depositing a single bead. After welding, small tapered 
holes were drilled into both surfaces of the plate. These were made 
2} in. apart in four series of lines across the weld. The distance 
between the holes on both sides of the plate was measured by a 
strain gauge reading to 0-0001 in., and the mean of each pair of 
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readings recorded. The plates were then cut into lengths trans- 
versely to the weld, each strip measuring 24 x 3 in., and carrying 
two rows of holes on each of its surfaces. The distances between 
holes were again measured, and the means for each pair recorded. 
The differences between the two sets of recorded readings showed the 
changes in length in units of 0-0075 in., which, based on the modulus 
of elasticity, represented a stress of 400 lb. per sq. in. The results 
were compared by means of graphs. Both plates were then “ stress- 
relieved ’’ by heating to 1150° F. and holding at that temperature 
for 30 min., after which measurements were again taken. Prior to 
the heat treatment a maximum residual stress of 46,000 Ib. per sq. in. 
was calculated at a point in the middle of the weld, and the stress 
determined at the same point after the heat treatment was 4000 lb. 
persq.in. In the second part the author compares the electric butt- 
welding of a thick steel plate with the pouring of steel into an ingot 
mould and the subsequent freezing, and shows where the funda- 
mental differences lie. He suggests that thick plate should be 
preheated and kept hot until the welding is completed, as this will 
not only assist the penetration, but will also lessen the chill. In 
conclusion, he mentions the beneficial effect obtained by maintaining 
a welded component of plate 4 in. thick at a temperature of 400° F. 
until all the welding was completed. 

The Organisation of the Welding Department of a Works Produc- 
ing Gas Containers. P. Amadieu. (Bulletin de la Société des 
Ingénieurs Soudeurs, 1938, vol. 9, May—July, pp. 3195-3215). The 
author gives an account of the welding department of the Ateliers de 
Chaudronnerie de la Société des Anciens Etablissements Girel, 
makers of steel containers for butane, propane and other compressed 
gases. The welding processes employed are oxy-acetylene and arc 
welding by hand, automatic arc welding and electric-resistance 
welding. 

Flame-Cutting Composite Steels. oC. H. S. Tupholme. 
(Machinery, 1938, vol. 53, Oct. 6, pp. 9-10). The author describes 
a new technique for the oxy-acetylene cutting of steel plates which 
are “ clad ” on one side with a layer of nickel or stainless-steel. In 
these steels the stainless layer is about 20% of the total thickness of 
the plate. With this method the plate is cut from the mild-steel side 
and preparation by cutting a channel through the stainless layer is 
not necessary. The blowpipe nozzle is inclined at an angle of 10° 
from the vertical away from the direction of cutting, slightly higher 
gas pressure is required and the cutting speed is a little slower than 
when cutting an equivalent thickness of ordinary steel plate. .Sub- 
sequent laboratory tests on the flame-cut edges showed that its 
corrosion-resistance had been slightly, but not excessively, lowered. 
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Cutting Fluids and the Machine Tool. A. H. Lloyd and H. H. 
Beeny. (Institute of Petroleum, Oct. 11, 1938). The authors 
discuss the selection of the right kind of cutting fluid for different 
kinds of machine tools, pointing out that emulsions are unsuitable 
for automatic and semi-automatic lathes running at low cutting 
speeds. They recommend a straight-cutting oil for screwing dies. 
The sintered-carbide cutting alloys differ from high-speed steels in 
that they appear to cut just as well without a fluid as with one, but 
emulsions are frequently used on turret lathes with these tools. 

The Functions of Cutting Fluids.. H. W. Swift. (Institute of 
Petroleum, Oct. 11, 1938). The author shows that the influence of 
the cutting fluid is but one of several which affect the mechanism of 
cutting ; other factors, such as tool material and form, speeds and 
feeds, and the economics of cost and quality, must also be taken into 
account. The author presents an account of the mechanism of 
cutting, inquires how a cutting fluid might facilitate this mechanism, 
and discusses to what extent these facilities are provided by the 
cutting fluids now available. 

The Selection of Cutting Fluids. H. J. Mason. (Institute of 
Petroleum, Oct. 11,1938). The author declares that the selection of 
correct cutting fluids for use in modern engineering shops is a matter 
to be decided on the basis of laboratory tests, and he outlines some 
practical tests which have been used for the last four years. The 
results obtained in accurate machining during large-scale production 
have fully proved the accuracy of the tests described. 

Influence of Cutting Fluids on Metal Cutting. F. J. Oliver. 
(Iron Age, 1938, vol. 142, Oct. 13, pp. 141-157). The author 
reviews some of the fundamental research work carried out during 
the last ten years to observe the influence of various cutting fluids on 
different machining operations, and from the mass of data obtained 
he draws conclusions which should find practical application. 

Cutting Fluids—their Use Surveyed. W. D. Huffman. (Metal 
Progress, 1938, vol. 33, June, pp. 584-586). The author summarises 
the answers to a questionnaire sent to a number of American motor- 
car manufacturers in order to ascertain what kinds of cutting fluids 
were used in sixteen different cutting operations. A study of the 
answers showed that there are apparently no limitations as to the 
use of either emulsions or sulphurised oils. The author suggests 
that familiarity with the machine and the material to be fabricated, 
combined with a knowledge of the functions and composition of the 
lubricant, should be reliable guides in the selection of cutting fluids. 

Some Factors in the Use of Tool Steels. F. A. Fox. (Iron and 
Steel Industry, 1938, vol. 11, Aug., pp. 567-568; Sept., pp. 597- 
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599). In these two articles the author explains some guiding 
principles which are intended to facilitate the selection of a suitable 
tool steel for a particular purpose from the enormous number of 
tool steels which are now on the market. After discussing these 
principles, he presents a table showing the analysis, hardening 
temperature, Rockwell hardness number and main characteristics 
of nine different kinds of tool steel. 

The Conception, Development, Equipment and Measuring Methods 
for an Entirely New Surface Finishing Method—Superfinish. W. F. 
Sherman. (Iron Age, 1938, vol. 142, Sept. 1, pp. 18-23; Sept. 8, 
pp. 40-45; Sept. 22, pp. 57-61, 90). In this series of articles the 
author describes the surface-finishing machinery and technique as 
developed by the Chrysler Corporation. This has been named 
“ Superfinish,” and is defined as an extremely fine surface finish 
produced by a combination of short motions, light abrasive pressures, 
slow abrasive cutting speeds, hard abrasive stones and a lubricant 
of proper viscosity, that eliminates the surface defects created by 
previous mechanical operations, without creating scratches or 
defects. The article also includes a description of the “ profilo- 
meter,” an electrical instrument for testing surface smoothness. 


(See Journ. I. and §.I., 1938, No. II., p. 324 a). 
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CLEANING AND PICKLING OF METALS 





The Use of Wire Wheels in the Electro-Plating Industry. (Wire 
Industry, 1938, vol. 5, Oct., pp. 675-677). A description is given 
of some of the types of wire wheels used for cleaning and scratch- 
brushing articles which are to be electroplated. 

Pretreatment of Metal Surfaces for Painting. IF. N. Speller. 
(Industrial and Engineering Chemistry, 1938, vol. 30, Oct., pp. 
1152-1156). The author discusses the relation between the rate of 
corrosion of a metallic surface and the service life of paint coatings, 
with particular reference to the importance of effective cleaning. 
He describes methods of removing mill scale, and discusses at some 
length the use of aqueous solutions containing orthophosphoric 
acid or chromic acid which retard or prevent electrolytic action ; 
the effect of these solutions is to polarise the anodic areas by the 
formation of self-healing films. He refers to the use of a priming 
coat containing slightly soluble zinc chromate which prolongs the 
life of the finished article. He concludes by recommending that 
further tests of the effects of water-soluble inhibitors are necessary. 

The Behaviour of Different Sulphuric Acids in the Pickling of 
Strip Steel. W. Ufer and A. Déring. (Stahl und Eisen, 1938, vol. 
58, Oct. 13, pp. 1107-1111). The authors discuss the results of 
laboratory and large-scale tests using sulphuric acid which had been 
manufactured by different processes from different raw materials 
for the pickling of strip steel. They present tables and graphs which 
show how the rate of pickling is affected by additions of common 
salt, sodium nitrate and nitrosulphuric acid. It is concluded 
that 15° sulphuric acid is technically and economically the best 
for pickling ; the consumption was found to be about 10-0-10-6 kg. 
of 96% sulphuric acid per ton of strip steel. 

Submerged Heat. (Steel, 1938, vol. 103, Oct. 10, pp. 84-86, 
103). A description is given of a system of heating which is 
now applied to pickling baths; it is known as “submerged 
heating.” When not in use the solution completely fills the 
burner manifold and the combustion chamber. The system is 
fully automatic; on the starting-button being pressed a gas- 
and-air compressor starts up and purges the burner of solution, a 
hot-wire ignites a flow of gas issuing from a pilot burner, and this, 
after a predetermined period, ignites the main gas flow. The 
gas pressure is sufficient to drive the products of combustion 
through the tubular combustion chamber, and through a tube across 
the bottom of the tank, at the end of which the gases bubble 
through the solution, thus agitating it. It is claimed that this 
system reduces pickling costs to a considerable extent, and that, 
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on the basis of gas with a calorific value of 1000 B.Th.U. costing 50 
cents per 1000 cu. ft., the fuel cost for pickling steel rods is 5 cents 
per ton. 

Modern Pickle Liquor Recovery. S. F. Spangler and N. Titlestad. 
(Wire and Wire Products, 1938, vol. 13, Oct., pp. 591-594). The 
authors describe and compare some of the processes of recovering 
sulphuric acid from waste pickling liquors, one method being that 
described in the article entitled ‘‘ Spent Pickle Liquor ”’ (see Journ. 
I. and 8.I., 1938, No. II., p. 304 a), and another, that known 
as the “Chemico” sulphate conversion process (see Journ. I. 
and §.I., 1935, No. I., p. 437 a). They refer to the successful 
operation of the ‘‘Chemico”’ process since its introduction, and 
describe some minor improvements which have been made to it. 

Disposal of Waste Pickle Liquor. ©. Mantius. (Wire and Wire 
Products, 1938, vol. 13, Oct., pp. 585-589). The author describes 
and compares various methods of disposing of liquors which have 
been used for pickling. These methods include: (1) Neutralising 
the acid before discharge into the drains ; (2) purification by filtering 
and allowing the ferrous sulphate to crystallise out ; (3) evaporation 
using direct heating, or steam, or steam heating with subsequent 
partial neutralisation. 

Utilising Waste Pickling Acid. (Iron Age, 1938, vol. 142, 
Sept. 22, pp. 45, 81). This article gives a description of the same 
process of treating waste pickle liquor as that described under the 
title ‘‘ Spent Pickle Liquor.” (See Journ. I. and S8.I., 1938, No. 
II., p. 304 a). 
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Industrial Electroplating Processes—Effective Technical Control. 
§. C. Taormina. (Metal Industry, 1938, vol. 53, Sept. 9, pp. 253- 
257). The author describes methods for the effective control of 
electroplating processes. He discusses the factors which control 
the process, such as the proper use of power and instruments for 
electrical control, the number and size of plating tanks, the 
correct analysis of the solutions, and the equipment required. He 
also gives some valuable electroplating solution standards for nickel 
baths and the various cyanide baths. 

The Testing of Clad Steel Plates. W. Radeker. (Stahl und 
Eisen, 1938, vol. 58, Oct. 27, pp. 1153-1160). The author describes 
some tests carried out to determine the adherence properties of 
copper, nickel and 18-8 stainless steel coatings. Specimens were 
prepared by brazing the plated surfaces of two similarly plated 
round test-pieces together, welding on steel extension shanks and 
submitting them to tensile tests. The results are tabulated for 
comparison. The results of fatigue and notched-bar impact tests 
are also given. 

Adherence of Organic Coatings to Metals. A.E.Schuh. (Ameri- 
can Society for Testing Materials, June-July, 1938, Preprint No. 92). 
Organic finishes, in order to be serviceable, must adhere well for pro- 
tracted periods of time to the underlying base material. It is a well- 
known fact that finishes vary considerably in this respect. Evidence 
of poor adherence, such as flaking, peeling, easy removal by some 
external force, &c., is so glaringly conspicuous as to suggest a 
readily assignable cause of the phenomenon. Actually, however, 
this final evidence of adherence loss is in most cases the net result 
of a prolonged tug-of-war among a large number of competing 
forces. Although the final sign of adherence loss may be the same for 
several different finishes, the cause and the progress towards failure 
for each may be quite different. In this paper a number of the factors 
that affect the adherence of different organic coatings is discussed. 
Some of these factors are the specific adhesion, physical state of the 
surface, chemical state of the surface, composition and structure of 
the organic coatings, and their deterioration with age. 

The Nickel and Chromium Plating of Tinplate. A.W. Hothersall 
and C. J. Leadbeater. (International Tin Research and Develop- 
ment Council, 1938, Series A, Technical Publication, No. 79). The 
authors describe a quantitative method of testing the adhesion of 
electrodeposited nickel to tin coatings on steel and discuss the 
properties of nickel- and chromium-plated tinplate prepared by 
methods of cleaning and plating which were found to give the best 
adhesion. They found that it is essential to coat the tinplate with a 
film of copper before nickel-plating, and that the protective value of 
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the coating is liable to be destroyed locally during fabrication and, 
if subsequent rusting is to be avoided, it is necessary to use a good- 
quality charcoal tinplate and restrict the total thickness of the 
deposit to less than 0-0005 in. 

The Electrodeposition of Chromium from Trivalent Salt Solutions. 
W. H. Wade and L. F. Yntema. (Electrochemical Society, Oct. 
1938, Preprint No. 26). The deposition of chromium from a bath of 
chromic sulphate and ammonium sulphate was investigated. Best 
deposits were obtained from a 0-5M chromium sulphate solution 
containing 4-0 per litre of ammonium sulphate. The pH value 
at which basic chromium salts precipitate from various solutions was 
investigated, and it was found that either ammonium sulphate or 
citric acid raise the pH value of the point of precipitation. It was 
found that the addition of 0-1M of ammonium oxalate to the 
above solution gave the best results. 

The Use of Nickel Sulphate in Electroplating. A. C. West. 
(Canadian Mining and Metallurgical Bulletin, 1938, Oct., pp. 453- 
460). The author describes the principles of the nickel-plating 
process, for which nickel sulphate is the most commonly used 
electrolyte in the Canadian industry, as it is the cheapest and most 
readily obtainable. He refers to the introduction of a new nickel- 
plating solution containing an organic addition agent ; this produces 
a bright nickel coating which need not be buffed, is ductile, can be 
of any desired thickness and adheres perfectly to the base metal. 
Another recent development is a process of finishing nickel-plated 
articles in any colour of the spectrum. 

Bright Nickel Plating in England. N. R. Laban. (Chemical 
Age, 1938, vol. 39, Sept. 3, pp. 15-17). The author describes the 
three processes of bright nickel-plating which have given satisfactory 
performance during the last two or three years. These are: (1) The 
Max Schlétter straight nickel process; (2) the Weisberg and 
Stoddard nickel-cobalt process ; and (3) the Otto Hinrichsen nickel- 
cobalt process. 

Bright Nickel Plating. (Steel, 1938, vol. 103, Aug. 29, pp. 50-52). 
A description is given of the process of bright nickel plating perfected 
by the Seymour Manufacturing Co., Seymour, Connecticut. It is 
claimed that this process produces a surface of such quality that no 
finishing operations are required to prepare it for chromium plating. 
The application of this process in the manufacture of flat irons is 
described and illustrated. 

The Adherence of Thick Silver Plate on Steel. F.C. Mathers 
and L. I. Gilbertson. (Electrochemical Society, Oct. 1938, 
Preprint No. 30). The authors report on their investigation of 
methods of plating steel with pure silver of sufficient thickness for 
use as bearings, and they describe in detail the methods of surface 
preparation, the composition of the solutions and the current 
densities used to obtain a silver coating 0-05-0-07 in. thick on steel 
containing not more than 0-1% of carbon. A separate section of 
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the paper contains particulars of methods of testing the adherence 
qualities of silver coatings. 

Galvanising Settings. F. F. Schlitt. (Steel, 1938, vol. 103, 
Sept. 26, pp. 50-52). After emphasising the importance of main- 
taining a proper control of the heat supplied to a galvanising bath, 
with particular reference to the advantages of supplying more heat 
to the upper portion where the heat loss is more rapid, the author 
describes a galvanising bath heated by radiant tubes. A special 
feature of the latter is that they contain refractory bricks in cruciform 
shape which divide the tube longitudinally into four sections. It 
is claimed that these “core busters” increase the efficiency of 
combustion by as much as 15%, first because heat is transferred 
from them to the tube wall by radiation, and secondly because they 
cause turbulent flow of the hot gases, which therefore give up more 
heat to the surrounding tube than they would otherwise do. 

Galvanising Practice and Galvanised Steel. E. J. Groom. 
(Metallurgist, 1938, vol. 11, Oct., pp. 162-164). In this discussion of 
numerous investigators’ work on galvanising processes, a description 
is given of Williams’ device to prevent local heating of the pot, which 
is a system in which the fuel (gas) is burnt in a separate chamber, 
the products of combustion being forced round the bath at high 
velocity by a fan. The heat transference in this system is claimed 
to be excellent, and it is thought that it is probably superior to the 
radiant-tube method of heating the bath developed by the Lee 
Wilson Engineering Co. In conclusion, it is noted that there is a 
paint now on the market which contains an oxidising agent which, 
by controlled attack on the zinc coating, produces a surface condition 
favouring good adhesion of the paint, a condition normally achieved 
only by somewhat prolonged weathering. 

Developments in Straight Line Galvanising Equipment. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Sept., pp. 917-918). A 
brief description with illustrations is given of a galvanising plant at 
an American continuous-strip mill which has an output of 32-41 
tons per 8-hr. shift. The plant consists of the following units: 
(1) Galvanising machine and drive; (2) magnet rolls and the first 
section of the fence conveyor ; (3) second section of the fence con- 
veyor and the chain guide ; (4) heavy roller-leveller ; (5) pinch rolls, 
washer and cooling tank ; (6) hot air-drier and conveyor; (7) light 
roller-leveller ; and (8) the inspection table. 

Synchronization in Straight-Line Galvanizing. (Iron Age, 1938, 
vol. 142, Aug. 25, pp. 29-31). A description is given of an American 
galvanising plant in which the galvanising unit, fence conveyors, 
roller-levellers, washer, cooling-tank, drier and inspection table are 
In a straight line. After passing through the flux-box the sheets 
reach the zinc bath, and are carried by the bottom rollers through the 
molten zinc to the exit rollers. The rollers are all driven by a 
single motor, the drives being arranged so that the bottom rollers 
are driven direct from the variable-speed power source, with a 
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stepless variable-speed transmission placed between the bottom 
roller drive and the flux roller drive. A second stepless variable- 
speed transmission is placed between the bottom roller drive and 
the exit roller drive. The first of these variable-speed transmissions 
allows the operator to synchronise the flux rollers with the bottom 
rollers, and with the second one he can synchronise the speeds of 
the bottom rollers and the exit rollers. 

Sheet Galvanising. R. J. Wean. (Industrial Heating, 1938, 
vol. 5, Aug., pp. 738-744). See Journ. I. and 8.I., 1938, No. IL, 
p. 307 a. 

A New Method of Metal Spraying. (Engineer, 1938, vol. 166, 
Sept. 16, p. 318). A description is given of the Schori process of 
metal spraying. It is claimed for this process that the metal powder 
will not “ pack ” or clog in the pistol because it is drawn by vacuum 
from the container into a stream of compressed air, and is thus 
ejected smoothly and uniformly. The Schori pistol is stated to 
have a covering speed of 250 sq. ft. per hr. 

Metal Spraying. G. F. Fairbairn and F. C. Lawrence. (Trans- 
actions of the Liverpool Engineering Society, 1938, vol. 59, pp. 
120-131). Commencing their paper with some observations on the 
preparation of surfaces to receive a coating of sprayed metal, the 
authors proceed to a description of the pistol with which the spraying 
is done and the behaviour of the individual particles of metal. With 
regard to the formation of oxides on the metal particles, they state 
that the fact that such an easily oxidised metal as magnesium can 
be sprayed without igniting suggests very strongly that the oxide is 
most probably formed after deposition. Several examples of the 
prevention of corrosion by sprayed coatings of aluminium and zinc 
are quoted. In conclusion the authors discuss the results of H. 
Shaw’s work in an investigation of metal-sprayed surfaces in rela- 
tion to lubrication. 

Scientific Aids to Control in Vitreous Enamelling. J. G. Pearce 
and G. T. O. Martin. (Institute of Vitreous Enamellers, Oct. 28-30, 
1938). The authors divide the methods of controlling vitreous 
enamelling into three classes, dealing with (1) the raw materials of 
the process, (2) the enamelling process itself, and (3) the finished 
product. This paper is confined chiefly to a discussion of the third 
class. The authors show that great progress has been made in the 
United States towards creating standard methods of testing which 
enable scientific control standards to be settled by the management 
rather than by the personal inspection of an individual. They 
describe the apparatus and methods for testing the physical, 
mechanical and chemical properties of finished enamelled surfaces, 
with particular reference to reflectometers, spectro-photometers and 
interferometers. They suggest that although the apparatus 1s In 
some cases expensive, the value of the results obtained would justify 
the provision of such apparatus in at least one centre in England to 
which practising enamellers woud have access. 
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Preparation and Milling of Sheet-Iron and Cast-Iron Enamels. 
B. B. Kent. (International Foundry Congress, Warsaw, Sept., 
1938 : Foundry Trade Journal, 1938, vol. 59, Oct. 6, pp. 255-256). 
After describing the mill room as that department which covers the 
process of milling, storing, checking and colour matching, from the 
reception of the frit to the issue of the liquid enamel, the author 
discusses the best conditions of operation for this department, and 
describes the equipment and technique of the various processes. 

An Investigation into the Use of Metallic Abrasives. J. E. Hurst 
and W. Todd. (Institute of Vitreous Enamellers, Oct. 28-30, 
1938). The authors describe their investigation of the behaviour 
of metallic abrasives in the cleaning of iron castings prior to 
vitreous enamelling. In particular they examine the nature’of the 
disintegration of the abrasive, the effect of the service conditions 
on the sharp-edged grains, and the possibility of the circulating 
stream of abrasive in the blasting machine becoming contaminated 
with dirt, graphite and other non-metallic bodies. 

Sand-Blasting as Applied to the Vitreous Enamelling Process. 
H. Whitaker. (Institute of British Foundrymen, 1938: Foundry 
Trade Journal, 1938, vol. 59, July 7, pp. 12-13). In an account of 
the sand-blasting process for vitreous enamelling requirements the 
author discusses the various factors affecting the choice and output 
of plant, the latter depending upon the air pressure employed, the 
air capacity, bore and type of nozzle, the nature of the abrasive and 
the type of plant. 

The Protection of Steel Against Atmospheric Corrosion by Means of 
Paints. J.C. Hudson. (Journées de la Lutte contre la Corrosion, 
1938, Group 3, No. II.). The author summarises the main desiderata 
recommended by the Protective Coatings Sub-Committee of the Iron 
and Steel Institute’s Corrosion Committee (see Fifth Report of the 
Corrosion Committee, Iron and Steel Institute. Special Report 
No. 21, 1938, Section E, pp. 305-306), pointing out that pickling 
is essential, as it is insufficient to expose the surface to the 
weather for a long period, and then clean it by hand. He describes 
H. B. Footner’s pickling process, and in his discussion on painting 
shows that the first coat should be applied immediately after 
pickling. The priming coat, which contains an inhibiting agent, 
is followed by other coats, which are impermeable. In conclusion, 
he discusses the effect of the atmospheric conditions at the time 
of painting, stating that the best time for painting in England is 
the period from May to September. 

The Application of Paint to Cold-Pressed Sheet Steel. A. H. 
Stuart. (Chemistry and Industry, 1938, Oct. 15, pp. 961-963). 
The author discusses the properties of several lubricants used 
with dies in the pressing of steel sheets. It has been found that 
when a graphited soap or oil is used, the graphite forms a film 
(sometimes invisible) on the metal surface which is not removed by 
the degreasers commonly employed. He shows that when a 
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graphited oil or grease has been used as a die lubricant, it is not the 
graphite, but some residual oil intimately mixed with it, that causes 
trouble in the application of paint to the sheet. He also describes 
some experiments which prove that drops of linseed oil which fall on 
surfaces treated with a suspension of colloidal graphite in oil show no 
tendency to spread, whilst if the surface has been treated with a 
suspension of colloidal graphite in water, the drops immediately 
begin to spread ; from this the author deduces that a film of graphite 
quite free from residual oil may be expected to assist the application 
of paint by offering a more easily wetted surface. 

Effect of Corrosion on the Durability of Paint Films. V. M. 
Darsey. (Industrial and Engineering Chemistry, 1938, vol. 30, Oct., 
pp. 1147-1152). After a brief explanation of the causes of corrosion, 
the author stresses the importance of the correct preparation of a 
metallic surface prior to painting. He describes briefly the processes 
of alkali cleaning, acid cleaning, sand-blasting and bonderising (a 
process which produces on iron and zine surfaces a fine crystalline 
phosphate coating), and then describes a series of salt-spray, humi- 
dity and outdoor-exposure tests upon specimens of steel, aluminium 
and galvanised iron which were painted and scratched with a sharp 
instrument to expose a very narrow area of the base metal. Tables 
and graphs are presented which allow the results of the tests to be 
compared, the values used being the distancesin inches which the 
oxidation had spread from the scratched lines. 
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New Research Laboratories of the Clyde Alloy Steel Company, 
Limited. (Iron and Coal Trades Review, 1938, vol. 137, Oct. 21, 
pp. 612-613; Foundry Trade Journal, 1938, vol. 59, Oct. 27, pp. 
303-304). An illustrated description is given of the recently opened 
research laboratories at the works of the Clyde Alloy Steel Co., Ltd. 
These are built in a self-contained unit, and include chemical and 
physical laboratories, test-house, machine-shop, library and stores. 

A Visit to Professor W. J. Miiller’s Laboratory in Vienna. N. 
Goldowski. (Métaux et Corrosion, 1938, vol. 14, Sept., pp. 164-170). 
The author describes some of the instruments at the Institut fiir 
chemische Technologie anorganischer Stoffe in Vienna, of which 
Professor W. J. Miiller is the principal, with particular reference to 
the apparatus used to study the corrosion of metals. 

Midget Mill Duplicates Steel Manufacture. (Steel, 1938, vol. 103, 
Sept. 12, pp. 36-39). <A series of 16 illustrations with descriptive 
titles shows a small-scale steel mill installed in the laboratories of 
the Jones and Laughlin Steel Corporation, Pittsburgh. 

J. & L. Opens Unique Pilot Mill-Laboratory Unit. T. C. Camp- 
bell. (Iron Age, 1928, vol. 142, Sept. 8, pp. 46-49). An inventory 
and brief descriptions are given of the laboratory equipment, 
1500-lb. regenerative open-hearth furnace, pilot steel mill, &c., 
installed for research purposes by the Jones and Laughlin Steel 
Corporation. (See previous abstract). 

The Simple Steel Analysis and its Relation to Quality in Steel. 
R. W. Sandelin. (Welding Journal, 1938, vol. 17, Sept., pp. 9-14). 
The author discusses differences between the properties of carbon 
steels made by the basic open-hearth process which may have the 
same chemical analysis. Such differences may be due to contam- 
ination from the scrap charged into the furnace, to non-metallic 
inclusions, to trapped gases or to segregation in the ingot. 

Plasticity and Mosaic Structure of Crystals. A. Kochendérfer. 
(Zeitschrift fiir Metallkunde, 1938, vol. 30, Sept., pp. 299-305). The 
author discusses in detail the atomic processes of slip, and in explain- 
ing the plastic properties of crystal lattices he shows important 
differences from the ideal lattice. The places where these differences 
occur he calls ‘‘ fault positions,” and he develops an equation which 
expresses the effect of these “ fault positions.” 

Some Measurements in the Neighbourhood of the Yield Point of 
Mild Steel. G. Welter. (Revue Technique Luxembourgeoise, 1938, 
vol. 30, Sept.-Oct., pp. 113-117). The author refers to the lack of 
complete explanation of the fact that when a mild-steel specimen is 
pulled in a tensile machine above the upper yield point, there is a 
sharp falling-off in the load, and describes the method of testing that 
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he adopted to determine the influence of the mass of the dynamo- 
meter incorporated in the testing machine and of the rate of flow of 
the specimen on this phenomenon. From the results obtained he 
shows that the mass of the pendulum-dynamometer had no 
important effect upon the stress-elongation curve. When the 
specimen was held in the machine by means of an elastic suspension, 
it elongated more rapidly than the rate of increase of the load, but in 
no case was any sudden elongation without load-increase observed. 

The X-Ray Determination of the Effect of Time on the Internal 
Stresses During Alternating Bend Tests. I. Gisen and R. Glocker. 
(Zeitschrift fiir Metallkunde, 1938, vol. 30, Sept., pp. 297-298). The 
authors describe an investigation of the internal stresses produced in 
specimens of carbon steel 15 mm. in dia. and 190 mm. long, through 
each of which a 4-mm. dia. hole was bored at right angles to the axis. 
One test-piece had been cold-worked in the direction of the 4-mm. 
hole, and it was found that there were compressive stresses in the 
cold-worked area, and outside of that there were compressive and 
tensile stresses. When the specimen was subjected to alternating 
bend stresses almost to the fatigue limit, a change in the residual 
surface stresses occurred, as the specimen was found to have a 
“skin ” of compressive stresses. 

Impact Tests of Welded Joints. II. W. Spraragen and G. E. 
Claussen. (Welding Journal, 1938, vol. 17, Sept. Supplement, pp. 
8-26). The authors present a review of the literature from Jan. 1, 
1936 to Jan. 1, 1938, and include a bibliography of 175 references. 
This is a continuation of the review which appeared in the Journal of 
the American Welding Society, 1936, vol. 15, Apr., pp. 2-12 (see 
Journ. I. and §.I., 1936, No. IT., p. 66 4). 

Tests of Welds in Alloy Steels. S. F. Yasines and F. C. Fair. 
(Welding Journal, 1938, vol. 17, Sept., Supplement, pp. 28-34). 
The authors describe an investigation of the impact strength and 
hardness of four steel alloys butt-welded using two different types 
of electrodes. They present the results by means of tables, graphs 
and illustrations. The general conclusions to be drawn from the 
data obtained are: (1) The section which has the lowest impact 
strength is that which passes through the weld; (2) the position 
which shows the greatest variation in impact-strength values is the 
“inner ” heat-affected zone, i.e. the region close to the weld ; (3) the 
*‘ outer” heat-affected zone is about 9% stronger than the base 
metal ; (4) it is impossible to establish a definite relationship between 
the hardness and impact strength; and (5) the impact strength 
of the heat-affected zones and the welds were improved by heat 
treatment. 

Physical and Metallographical Investigation of Low-Carbon Low- 
Alloy Welded Steel. R.C. Boehm. (Welding Journal, 1938, vol. 17, 
Sept., Supplement, pp. 34-36). The author presents the results of 
fatigue and impact tests on a series of specimens of butt-welded 
steel plate. Four kinds of low-carbon steel were examined ; these 
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contained (a) nickel 1-80°%, copper 0-90% ; (b) nickel 2-0% minimum, 
copper 1% minimum; (c) copper 0-30-0-50%, chromium 0-50- 
150% ; and (d) manganese 1-25-1-70%, copper 0-20% minimum. 
It was found that: (1) Unannealed specimens had slightly lower 
impact values when broken in line with the direction of rolling than 
when broken transversely to the direction of rolling, but after 
annealing at 1250° F. the opposite effect was observed ; (2) annealing 
increased the impact values of steels (b) and (c), but had little effect 
on steel (d); (3) normalising had little effect on the impact values 
of steels (c) and (d), but increased that of (a), and (4) welds made 
with a coated mild-steel electrode had better impact values than 
those made with coated molybdenum steel rods. 

Defects in Steel. J. A. Duma. (Heat Treating and Forging, 
1938, vol. 24, July, pp. 333-338, 350; Aug., pp. 393-396; Sept., 
pp. 454-458: Blast Furnace and Steel Plant, 1938, vol. 26, Aug., 
pp. 823-828, 846). A continuation of a previous article. (See 
Journ. I. and §.I., 1938, No. II., p. 235 a). In Part V. of this 
series the author discusses defects which are caused by welding 
and the methods of testing welds, and proceeds from this to an 
examination of surface defects, which he discusses further in Part VI. 
under three sections : Those due to imperfections in the quality of 
the steel, those due to incorrect rolling technique and those due to 
defective rolls. He explains the phenomenon of “ stretcher strains ”’ 
in sheet or strip steel, by showing that when a specimen is subjected 
to sufficient stress to cause permanent deformation, slip will not 
take place in all of the grains simultaneously. When the applied 
stress is sufficient to cause one grain or a group of grains to yield, 
this causes the appearance of the worm-like marking characteristic 
of the “ stretcher strain.” In Part VII. the author discusses the 
effect of corrosion on the fatigue strength of steel, and proceeds from 
this to an explanation of the electrochemical theory of corrosion. 

Chromal—Its Properties and the Rolling, Drawing and Annealing 
Treatment. V. A. Erakhtin and A. N. Shchetkina. (Kachest- 
vennaya Stal, 1937, No. 9, pp. 42-47). (In Russian). An alloy 
containing 0-11% of carbon, 1-24% of silicon, 30-0% of chromium 
and 3-86% of aluminium was used in the investigations. The 
physical and mechanical properties of the alloy and its metallo- 
graphic structure are described. A study was made of the ductility 
of the material at various rolling temperatures, and of the effect of 
these temperatures on the strength of the rolled material. The 
influence of the degree of deformation during cold-drawing and of 
the temperature and time of the recrystallisation treatment, as well 
as the rate of cooling after this treatment on the mechanical 
properties of the material, were determined. The technique of 
the working of the alloy is described. It was found that the rolling 
into strip should be completed at a temperature of 800-850° C. 
The annealing of the hot-rolled alloy should preferably be combined 
with the cooling of the material after rolling, the material being 
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maintained at a temperature of 750° C. for 20-30 min. and then 
cooled, preferably in water. If the above treatment is not adopted, 
an annealing treatment at a temperature between 700° and 800° C. 
for 20-30 min. should be given, followed by cooling in water so as 
to cause recrystallisation. A similar treatment can be used as an 
intermediate anneal during cold-working. 

Report on Study of Cup Testing of Sheet Steel. (Report of 
Committee E-1; American Society for Testing Materials, June- 
July, 1938, Preprint No. 4, pp. 10-11). The committee, on being 
requested to study the ductility of steel sheets, decided to investigate 
whether a standardised cup-testing machine could be employed to 
determine the ductility of deep-drawing quality steel sheet. This 
report covers the procedure adopted by eight laboratories, four of 
which made Olsen tests, the other four using the Erichsen machine. 
The committee found that all methods of calculation and plotting 
of the data failed to show any satisfactory correlation between the 
results obtained by the two machines. This led to a second series 
of tests being made; the results were, however, the same as before. 

Various Methods of Determining the Creep Limit. A. Krisch. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Oct., pp. 199- 
206). The author describes an investigation in which the creep 
limits at 500° C. of two special steels were determined by twelve 
different methods. One steel contained carbon 0-12%, molybdenum 
0-33%, copper 0-20%; and the other, carbon 0:15%, chromium 
0-80%, molybdenum 0-53% and copper 0-:13%. All the results 
obtained agreed within + 2 kg. per sq. mm. The methods of 
testing included the German Engineering Standard Method 
A 117/118, the three methods of the Kaiser-Wilhelm-Institut fir 
Eisenforschung, those of the Eidgenéssische Materialpriifungs- 
anstalt, of the National Physical Laboratory, of E. Siebel and M. 
Ulrich, of H. Juretzek and of F. Sauerwald, and finally the American 
method of determining the load producing 1% total elongation in 
10,000 hr. The determination of the creep limit as a permissible 
elongation rate of 5 x 10+% per hr. between the 25th and 35th hours, 
the determination of the stress causing a total elongation of 0-1% 
in 10,000 hr. and W. H. Hatfield’s method all gave lower values. 

Progress Report on Study of Effects of Manufacturing Variables 
on the Creep-Resistance of Steels. H.C. Cross and J. G. Lowther. 
(American Society for Testing Materials, June-July, 1938, Preprint 
No. 29, pp. 33-55). In this report the authors present the results 
of creep tests at 750°, 850° and 950° F. on 12 carbon steels con- 
taining known quantities of aluminium, and on one carbon-vanadium 
steel. Some of the steels were given a coarse-grained structure by 
suitable heat treatment in order that the creep-resistance of fine- 
and coarse-grained steels could be compared. These tests showed 
that the creep-resistance of coarse-grained carbon steel at 750°, 
850° and 950° F. was greater than that of fine-grained steel of the 
same composition. The creep-resistance of the fine-grained carbon- 
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vanadium steel, which was greater than that of the plain carbon 
steel, was not improved by coarsening the grain. 

Third Progress Report on Creep Tests of Tubular Members 
Subjected to Internal Pressure. IF. H. Norton. (Report of Project 
Committee No. 10; American Society for Testing Materials, June— 
July, 1938, Preprint No. 29, pp. 7-9). In testing the creep of pressure 
vessels, it is found that the circumferential stress has approximately 
twice the value of the longitudinal stress, and these combined 
stresses may cause the creep to be less than that computed from 
tensile tests alone. In this Progress Report the author describes the 
apparatus used in order to compare the creep rates set up by the 
combined stresses with those set up by tensile stress only. He 
presents the results observed under combined stresses, but no 
comparison is made, because the corresponding tensile test results 
are not yet available. 

Report Covering Creep Tests on 0°35°/, Carbon Steel (K20) at 
850° F. under a Stress of 7500 Ib. persq.in. C.L. Clark. (American 
Society for Testing Materials, June—July, 1938, Preprint No. 29, 
pp. 18-27). The investigation was undertaken to ascertain the 
degree of agreement in creep-test results which could be obtained by 
different laboratories using the procedure prescribed in the American 
Society for Testing Materials Tentative Methods for Long-Time 
Creep High-Temperature Tension Tests of Metallic Materials, 
E22-35T. In this report the results obtained at eight laboratories 
are tabulated. In each case a test at 850° F. under a stress of 
7500 lb. per sq. in. for a duration of 3000 hr. was carried out. The 
author finds that the degree of agreement in the creep-strength values 
obtained was of the same order as that established for tensile- 
strength results, but on comparing the creep rates, there was an 
appreciable difference in the results obtained which could not be 
directly attributed to the size of the specimen, the type of extenso- 
meter, the temperature distribution along the specimen, or to the 
electrical characteristics of the furnace. The author is of the 
opinion that the results indicate that the creep rate and deformation 
characteristics are indices of too sensitive a nature to permit of 
identical results being obtained in different laboratories. 

Report on Long-Time Creep Test of 0:35°%, Carbon Steel (K20). 
H. C. Cross and J. S. Lowther. (American Society for Testing 
Materials, June-July, 1938, Preprint No. 29, pp. 10-17). In their 
report on the long-time creep testing of a 0-35% carbon steel at 
850° F. the authors find that there was a decreasing rate of deforma- 
tion during the first 4000 hr., and that between 4000 and 20,340 hr. 
the rate was constant. Experiments on the effect of raising the 
temperature from 800° to 900° F. on the creep rate while under a load 
of 7500 Ib. per sq. in. showed that the rate at 900° F. was five times 
that at 800° F. Tensile and impact tests after the creep test showed 
that keeping the specimen under load at 850° F. had scarcely any 
effect upon the physical properties. An examination of the structure 
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showed that after the creep test this was almost identical with the 
state of the material as heat-treated before the creep test. 

The Creep of Metals under Static and Repeated Stresses. IF’. C. 
Lea. (Foundry Trade Journal, 1938, vol. 59, Oct. 6, pp. 251-252). 
The author describes some of his studies of the creep of metals in 
which he found that creep can take place and lead to fracture under 
static stresses at temperatures above 300° C. at stresses much lower 
than those which will break the specimen when loaded quickly. 
At 300° C. the stress at which the rate of creep becomes less than 
an allowable amount for, say, all types of pressure vessels is about 
half the tensile strength at that temperature, while at 500° C. it is 
less than one-third of the tensile strength at that temperature. 
Some materials, although possessing fairly good creep-resisting 
properties at temperatures of 500° or 600° C., may embrittle badly, 
as, for example, some of the nickel-chromium steels and some of the 
heat-resisting steels. The relative values of steels to meet any 
particular new conditions can be approximately obtained by 
short-time tests, but as yet no short-time test has been developed 
that will indicate the final rate of creep to which a metal will settle 
down after being subjected to a particular stress for a certain time. 

The Growth of Cast Iron for Piston Rings at Temperatures up to 
700°C. F. Bollenrath and K. Bungardt. (Stahl und Eisen, 1938, 
vol. 58, Oct. 13, pp. 1111-1113). The authors investigated the 
effects of time and temperature of annealing on the growth of 
iron alloys for piston rings containing carbon 3-8%, silicon 3%, 
manganese 0-8°%, phosphorus 0-7-1-0%, chromium 0-1-0-5% and 
molybdenum 0-3-0-8%. They found that the rate of growth in- 
creases from the commencement of the annealing until it reaches 
a maximum; the rate then decreases if the annealing time is 
prolonged. A measurable increase in length is first observed after a 
certain initial period, the latter increasing with decreasing tem- 
perature. It was impossible to establish whether any growth 
occurred during this initial period, or whether the growth was 
so small as to lie within the limits of accuracy of the measuring 
instrument. In a test lasting 700 hr. it was found that growth 
began at a temperature of 400-450° C. 

The Return to Normal of the Autofrettage Tube. G. de la Chaise. 
(Mémorial de |’Artillerie Francaise, 1938, vol. 17, No. 65, pp. 41-69). 
A mathematical consideration of the stresses and deformations 
which occur when rings are shrunk on a tube. 

German State Railway Statistics of Fractured Rails. V. Hervig. 
(Stahl und Eisen, 1938, vol. 58, Oct. 20, pp. 1129-1137). See 
Journ. I. and §.I., 1938, No. II., p. 383 a. 

The Kind and Necessity of Tests for Rope Wire. H. K. Hammer- 
stein. (Wire and Wire Products, 1938, vol. 13, Oct., pp. 551- 
555, 633). The author describes briefly the tests to which rope wire 
is subjected, their importance in reflecting the desired properties, 
and the reasons for the need for further investigations. 
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The Meaning and Causes of Internal Fractures in Wire Ropes 
with Particular Reference to Ropes in Coal Mines. H. Herbst. 
(Gliickauf, 1938, vol. 74, Oct. 8, pp. 849-856; Oct. 15, pp. 878- 
884). In this discussion on the causes of fractures in the internal 
strands of wire ropes, the author points out that there is very 
seldom any external indication of an internal fracture, but a magnetic 
method of testing can be employed to search for such defects. He 
also describes and compares the results of a series of fatigue bend 
tests carried out on a number of wire-rope strands. 

The Fatigue Strength of Machined Tyre Steels. T. Baldwin. 
(Institution of Locomotive Engineers, Oct. 26, 1938). After 
describing the mechanism of fatigue failure and the principles of 
fatigue testing, the author proceeds to a discussion of the effect of 
machining on the strength of tyre steel. He then describes in detail 
how he determined the bending fatigue strength of specimens of 
tyre steel which had developed cracks in service, using a Haigh 
machine and simulating the conditions of service as far as possible. 
The tests included some on specimens from a tyre which had failed 
through a fatigue flaw developing from the bore of a stud hole. The 
results showed that the bore in the service condition had a fatigue 
range of about 9 + 133? tons per sq. in. This tyre had been rather 
roughly bored, having 17 cuts per in. Further specimens were 
prepared by shaping, and it was found that although the feed had 
been reduced to 50 cuts per in. the fatigue range was practically 
unaltered. Other specimens had the bore surface removed by 
filing, using a 12-in. flat bastard file with 19 teeth per in. This 
raised the fatigue range to just under 9 + 184 tons per sq. in. 
Grinding the bore on a pendulum-type link grinder gave a still 
better result, namely, 9 + 19-0 tons per sq. in. Data obtained 
from a large number of tests are tabulated, and in the concluding 
part of his paper the author compares these results with those of 
other investigators. 

An Investigation of the Effects of Elevated Temperatures on the 
Fatigue Properties of Two Alloy Steels. J.S. Kinney. (American 
Society for Testing Materials, June—July, 1938, Preprint No. 46). 
The tests described by the author were made on steels containing 
(a) 0-27% of carbon, 1-99% of nickel, 0-86% of chromium, 0-41% 
of molybdenum, and (6) 0-10% of carbon, 0:37% of nickel and 
12-39% of chromium. A rotating spring type of testing machine 
was used, at 1725 r.p.m., and the fatigue limits were determined at 
room temperature, 700°, 850° and 1000° F. The author presents the 
results graphically by plotting the stress against the logarithm of the 
number of revolutions withstood by each of the steels at each of 
the four temperatures. These graphs show that steel (a) at 850° F. 
had the slowest rate of decrease in fatigue strength. 

Fatigue Testing and Crystal Structure. II. H. Moller and 
M. Hempel. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Kisenforschung, 1938, vol. 20, No. 17, pp. 229-238). The authors 
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refer to their previous investigation, in which they found that great 
deformation of the lattice structure at a fracture does not take place 
in fatigue tests until cracks have formed (see Journ. I. and 
8.1., 1938, No. II., p. 235 a), and state that in a similar investigation 
H. J. Gough and W. A. Wood came to the conclusion that the 
deformation gradually increased during the course of the test. The 
authors of the present paper now describe their second investigation 
of the subject, in which they find that the occurrence of the cracks 
has no effect upon the X-ray photographs. They also use the 
magnetic-powder principle to determine the moment when the cracks 
form, and show that the results of this second investigation confirm 
those which they had previously obtained. 

Effect of Surface Decarburisation and Heat Treatment on the 
Fatigue Strength and Time-Resistance of Steel Stay-Wires. F. 
Bollenrath and W. Bungardt. (Archiv fiir das Eisenhtittenwesen, 
1938, vol. 12, Oct., pp. 213-218). Ina previous paper by F. Bollen- 
rath and H. Cornelius (see Stahl und Eisen, 1938, vol. 58, Mar. 3, 
pp. 241-245 and Journ. I. and S.I., 1938, No. II., p. 35 A) time- 
resistance was defined as the capacity of a material to withstand a 
limited number of reversed stresses above the fatigue strength until 
fracture supervenes. In this paper they describe an investigation 
of the effect of decarburisation on the strength of steel wires, the 
results of which were as follows : (1) The fatigue strength of patented 
unalloyed steel wire was reduced by surface decarburisation ; 
(2) alternating bend and alternating torsion tests showed that the 
life of steel wire was also reduced by decarburisation; (3) the 
alternating bend strength of both unalloyed and chromium-molyb- 
denum steel wire was improved by tempering at about 250° C. after 
cold-working ; (4) subjecting round specimens to fluctuating tensile 
stresses and to torsional vibration showed that decarburisation had a 
deleterious effect upon both the time-resistance and the fatigue 
strength; (5) chromium-molybdenum steel had, especially when 
heat-treated, a fatigue strength greater than that of unalloyed steel, 
and (6) by using wire of special cross-section it is possible to make 
better use of the advantages of alloyed steel in aeroplane construc- 
tion, and so obtain not only a greater margin of safety but also a 
decrease in weight. 

An Apparatus for the Direct Indication of Damping. F. Forster 
and H. Breitfeld. (Zeitschrift fiir Metallkunde, 1938, vol. 30, Sept., 
pp. 343-345). The authors describe an instrument by which short- 
period vibrations can be directly determined. By using self- 
excitation, the instrument can also be used in cases where the 
natural frequency of the specimen is rapidly changing. Some 
examples are given of the use of this instrument in conjunction with 
tensile tests during which the temperature changes rapidly. 

Hardness and its Determination. E. D. Connor. (Australasian 
Engineer, 1938, vol. 38, Sept. 7, pp. 24-27, 48-50). After briefly 
reviewing the history of hardness testing from 1722, when Réaumur 
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experimented with crossed 90° triangular prisms, the author discusses 
the factors which affect the readings obtained when measuring 
Brinell impressions ; these factors include the deformation of the ball, 
the piling-up or sinking-in of the material and the time during which 
the load is maintained. The author also refers to Meyer’s research, 
which has proved that, provided that loading was maintained 
long enough for equilibrium to be reached, the following expression 
holds true for a given material and given ball diameter: L = ad*, 
where ZL is the load in kg., d the diameter of the impression 
in mm., @ is a constant, and m is a constant representing the 
strain-hardenability. This equation is generally known as Meyer’s 
law, and by carrying out tests at two or three different loads, a 
and » may be calculated. From these values a series of values 
for d may be calculated, and the curve of the load against the strain 
can thus be plotted. The author then describes and compares the 
Vickers hardness tester, the Firth Hardometer, the Rockwell tester, 
the Herbert pendulum tester and sclerometer testers; and in con- 
clusion he points out that while theory has not yet provided a funda- 
mental explanation of that elusive property hardness, hardness-testing 
practice has supplied a means of estimating and controlling the 
hardness of materials with a degree of accuracy which is of the very 
greatest benefit to industry. 

The Hardening Properties and the McQuaid-Ehn Grain Size of 
Tool Steels. V. S. Vladislavlov. (Kachestvennaya Stal, 1937, 
No. 7, pp. 21-24). (In Russian). Examination of a number of tool 
steels showed that the McQuaid—Ehn method of determining grain 
size is inapplicable to the evaluation of the properties of tool steels. 
A definite relationship could be established between the grain-size 
number and the “fracture grain size’ in the quenched zone, but 
there was not in all cases a relation between the grain size and the 


- hardening properties of the steel. It was shown experimentally 


that there was a definite connection between the “fracture grain 
size ” and the tendency of the steel to crack during quenching. The 
method of multiple quenching in conjunction with a magnetic flux 
method of crack detection is considered to be the best way of 
studying the properties of tool steels. 

Resilience of Springs. R.R.Tatnall. (Wire and Wire Products, 
1938, vol. 13, Oct., pp. 545-550, 614). The author discusses the 
theory of resilience and the characteristics of wire which affect this 
property, and explains the methods of calculating the moduli of 
elasticity and resilience. 

The Ageing of Heat-Resisting Austenitic Steels. Ya. B. Fridman. 
(Kachestvennaya Stal, 1937, No. 5-6, pp. 52-57). (In Russian). A 
study was made of the ageing process in two austenitic heat-resist- 
ant steels, the first of which contained 19-3% of chromium, 25-5% 
of nickel and 2-8% of silicon, whilst the second contained 13-5% 
of chromium, 14:4% of nickel and 2-5% of tungsten. The effect 
of quenching from between 900° and 1400° C. on the physical 
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and mechanical properties of the steels was studied, and it was 
shown that changes in these properties reflect the dissolution 
of carbides, the grain growth and the other phenomena which 
occur on heating to the higher quenching temperatures. The 
increase in the impact resistance with dissolution of the carbides 
is particularly marked. Dilatometric analysis of the quenched 
steels indicated precipitation of carbides from the austenite on 
heating to 625-650° C., this precipitation being accompanied by a 
shrinkage of the specimens. The actual ageing process between 
600° and 900° C. was followed by hardness measurements, both at 
constant temperature during various periods of time and on heating 
to various temperatures for a fixed time. In tungsten-bearing 
steel, two distinct ageing stages, due to precipitation of the carbides 
of chromium and tungsten, respectively, were noticed. Finally, it 
was shown that cold deformation lowers the temperature at which 
ageing begins and also accelerates the process. The results of all 
the investigations were used to establish suitable heat treatments 
for these steels. 

Instruments for the Measurement of Incremental Permeability. 
D. C. Gall. (British Association, 1938 : Engineering, 1938, vol. 146, 
Sept. 16, pp. 348-350). The author describes the principles em- 
ployed and some of the instruments used to measure the incremental 
permeability of iron. This requires a combination of the deter- 
mination of the magnetic properties of iron with both D.C. and 
A.C. excitation. The instruments described include the A.C. 
potentiometer and the ballistic galvanometer. 

Rotational Hysteresis Loss in Electrical Sheet Steels. FF. Brails- 
ford. (Journal of the Institution of Electrical Engineers, 1938, 
vol. 83, Oct., pp. 566-575). The author describes how rotational 
hysteresis loss in small disc samples of sheet steel may be measured 
in a simple manner by a new method, the loss being determined 
directly without the inclusion of eddy-current losses. The difficulty 
of making measurements on a single disc, due to the magnetic 
anisotropy of the material, is indicated. The magnetic anisotropy 
in commercial electrical sheet materials is then briefly discussed, 
and it is shown how, by use of a sample made up of three similar 
discs, the experimental difficulty may be overcome, and the 
observed results on four electrical sheet materials are given. The 
loss, plotted against flux density, is seen to fall rapidly towards 
zero near saturation, but a sharp increase in loss is shown to occur 
for all four materials at a point near the “knee” of the mag- 
netisation curve. 

Recent Advances in Soft Magnetic Materials. C. E. Webb. 
(Engineering, 1938, vol. 146, Oct. 21, pp. 488-490). The author 
describes the progress which has been made since 1930 in the 
production of ferrous materials with maximum permeability and 
minimum hysteresis loss. He explains the relationship between 
the permeability and the internal strains caused by the presence 
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of “ interstitial’ impurities such as carbon, oxygen, nitrogen and 
phosphorus, the atoms of which occupy positions between those in 
the crystal lattice. In the concluding part of his paper he refers 
to the exceptionally high permeabilities of the nickel-irons, the 
explanation of which seems to be that they possess small magneto- 
striction. This reduces the amount of work to be done in magnetising 
for a given distribution of internal stress and thus facilitates 
magnetisation, particularly in weak fields. 

Influence of Cold-Rolling and Subsequent Recrystallisation on 
the Magnetic Properties of Transformer Steel. V. Mes’kin and Yu. 
Margolin. (Kachestvennaya Stal, 1937, No. 5-6, pp. 18-23). (In 
Russian). The effects of cold-rolling and subsequent recrystallisa- 
tion, as well as of the thickness of the sheet on the magnetic pro- 
perties of transformer steel containing 3-2-4-7% of silicon were 
studied. No definite relationship between the thickness of the sheet 
and the coercive force could be discovered. It was found possible, 
by means of a single-stage cold-working treatment, followed by 
recrystallisation heat treatment with slow cooling, to lower con- 
siderably the coercive force and magnetic losses and at the same 
time to increase slightly the permeability of the steel, especially 
that quality containing 4-3-4-5% of silicon. 

Magnetic Chromium-Tungsten and Chromium-Molybdenum Steel 
with 30% of Cobalt. V. A. Erakhtin and A. V. Ostapenko. 
(Kachestvennaya Stal, 1937, No. 7, pp. 32-36). (In Russian). 
The steels studied contained (a) about 6% of chromium and 6% 
of tungsten, and (b) 8-9°% of chromium and 2-3% of molybdenum, 
both series containing about 30% of cobalt. The object of the 
investigation was to establish the best heat-treatment conditions for 
the steels and for the finished magnets in order to obtain the 
optimum magnetic properties. Attention was also given to the 
deterioration of the magnetic properties due to faulty treatment 
and the possibility of counteracting such deterioration by repeated 
heat treatment. The effects of intermediate tempering, quenching 
and the time of artificial ageing were studied and, in some cases, 
microscopic examinations were also made. The results were used 
to draw up a complete heat-treatment schedule for these steels. 

A Magnetic Balance for Saturation Measurements. The Satura- 
tion Points of Cementite and Carbon Steels and Their Dependency 
on Temperature and Preliminary Treatment. H. Lange and K. 
Mathieu. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Kisen- 
forschung, 1938, vol. 20, No. 18, pp. 239-246). The authors 
describe a magnetic balance for the quantitative determination of 
magnetisation, and using this they show the effect of different 
temperatures upon the magnetic saturation points of various 
materials, and in particular demonstrate the effects of preliminary 
heat treatment and carbon content on the magnetic properties of 
carbon steels. They also determined the magnetic saturation point 
of iron carbide. It is also possible to study chemical reactions 
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with this balance, and, by way of example, the authors describe 
their study of the carburising of iron with benzol vapour, and use 
the data obtained to calculate the magnetic saturation point of 
cementite. 

Permanent-Magnet Steel with High Nickel and Low Aluminium 
Contents. Part I. B. G. Livshits. (Kachestvennaya Stal, 1937, 
No. 10, pp. 28-34). (In Russian). The author describes the results 
obtained in the investigation of the magnetic properties achieved 
after various forms of heat treatment in two heats of steel con- 
taining 28°% of nickel and 11% of aluminium. The various factors 
affecting the magnetic properties which were examined included the 
influence of the cross-section of cast specimens, the rate of cooling, 
the time of heating to the quenching temperature, as well as the 
quenching temperature itself and the effect of tempering tem- 
peratures. Some data regarding the hardness and specific electrical 
conductivity of the steel were also obtained. The advantage of 
using steel of this composition is the consistency of the magnetic 
properties obtained in the heat-treated material. 

Magnet Steel Containing 10°, of Cobalt. B. G. Livshits and 
A. G. Rakhshtadt. (Kachestvennaya Stal, 1937, No. 7, pp. 37-40). 
(In Russian). A 10% cobalt steel with and without the addition 
of 15% of molybdenum was investigated; the object of the 
research was to establish the optimum heat-treatment conditions 
and to determine the magnetic properties. For parts 10 mm. thick, 
made of steel containing no molybdenum, the following heat treat- 
ment is recommended: Heating to 1200° C. for 5 min., followed by 
air-quenching, tempering at 700° for 75 min., followed by cooling in 
air, then heating to 880° for 7 min. followed by an air-quench. The 
material is then aged at 100° C. The magnetic properties obtained 
by this method are: Coercive force 130 oersted, and remanence 
9500-10,000 gauss. For the steel containing 1-5°% of molybdenum 
a similar heat treatment is recommended, with the difference that 
the final quenching temperature is 920° C. The coercive force 
obtained is 150 oersted and the remanence 8200-8500 gauss. The 
coercive force maybe increased by raising the final quenching 
temperature. 

Influence of Titanium and Molybdenum on the Magnetic Pro- 
perties of Fe-Ni-Al Alloys. Feszczencko-Czopiwski and L. Kozlow- 
ski. (International Foundry Congress, Warsaw, Sept., 1938: 
Foundry Trade Journal, 1938, vol. 59, Oct. 27, pp. 305-306). After 
discussing the work of W. Késter and of Bradley and Taylor on 
the ternary iron-nickel-aluminium system, the authors describe 
their own investigation of the magnetic properties of these alloys 
with additions of molybdenum and titanium. From data obtained 
from tests on more than 200 sand-cast specimens, they found that 
in most cases the coercive force and the remanence increased with 
decreased area of cross-section of the specimen. They found that 
the most effective heat treatment for producing the maximum 
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coercive force and remanence values consists of oil-quenching from 
1200-1250° C., followed by tempering for 2 hr. at 650° C. The 
addition of 1-2°% titanium increased the coercive force and reman- 
ence, provided that the magnets cast were submitted to the above 
heat treatment. The addition of molybdenum had a deleterious 
effect upon the magnetic properties in the “‘ as cast ” condition. 

Thin Sheet Manganese-Aluminium Steel for High-Frequency 
Generators. A.S. Zaymovskiy, L. Sh. Kazarnovskiy, A. 8. Boleukh 
and A. A. Babakov. (Kachestvennaya Stal, 1937, No. 7, pp. 
41-46). (In Russian). Two steels containing 1-9-2-8°% of man- 
ganese and 3-5-6:5°% of aluminium were used, and the properties 
were compared with those of silicon steel containing 3-4-4:1% of 
silicon. It was found that the magnetic and electrical properties 
of the manganese-aluminium steels closely resembled those of the 
silicon steel, whilst they had the advantage of being more easily 
cold-rolled. These steels may therefore be regarded as a possible 
substitute for silicon steels for making thin sheet laminations for 
high-frequency generators. 

Devices for Measuring Heat Energy in Metallurgical Investiga- 
tions. A. Durer. (Zeitschrift fiir Metallkunde, 1938, vol. 30, Sept., 
pp. 306-310). The author discusses the principles used in the 
measurement of thermo-electric forces and describes some labora- 
tory instruments which are used for this purpose. 

Report on Acceptability Tests for High Temperature Char- 
acteristics. A. EK. White and C. L. Clark. (American Society for 
Testing Materials, June-July, 1938, Preprint No. 29, pp. 28-32). 
It was desired to ascertain whether steels of similar analysis made by 
different processes possess the same physical properties at high 
temperatures. In this report the authors describe a series of tensile 
tests carried out in the temperature range 650—1200° F. in which the 
rate of load increase was adjusted so that fracture took place after 
periods varying from a few minutes to 15 hr. On plotting the 
stresses against the corresponding fracture times using logarithmic 
scales, they found that a straight-line relationship existed. The 
elongations and reductions of area were also measured, and it was 
found that in nearly every case the elongation increased as the time 
taken to produce fracture was prolonged. 

The Influence of Remelting in a Vacuum on the Quality of Heat- 
Resisting Iron Alloys of High Electrical Resistance. P. S. Lebedev. 
(Kachestvennaya Stal, 1937, No. 9, pp. 18-27). (In Russian). The 
author describes laboratory and half-scale experiments on the 
remelting of nichrome, chromium-aluminium and aluminium- 
containing iron alloys in a vacuum. The effect of such remelting 
on the suitability of the material for hot- and cold-rolling, as well as 
on the chemical composition and physical properties of the alloys, 
were examined. The results obtained lead to the conclusion that 
melting in a vacuum has a beneficial influence on the properties of 
the alloys investigated. In general the vacuum process of melting 
appears to be a very valuable one in dealing with this type of alloy. 
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Hot mechanical working of these heat-resisting alloys, which nor. 
mally constitutes the most difficult technological operation in their 
production, is considerably facilitated as a result of melting in a 
vacuum. This improvement appears to be due to the absence of 
gases in the vacuum-melted alloys. 

Cast Iron in Engineering Construction. J.L. Francis. (Iron and 
Steel Industry, 1938, vol. 11, Sept., pp. 607-613; vol. 12, Oct., 
pp. 17-22). Continuation of a series of articles. (See Journ. 
I. and S.I., 1938, No. II., p. 241 a). In Part IV. of this series, the 
author summaries the physical properties of cast iron which he has 
discussed in previous articles, with particular reference to its damp- 
ing capacity, which he states is approximately 20 times as great as 
that of carbon steel. He then proceeds to consider the factors which 
tend to cause growth, which he summarises in Part V. under the 
headings : (1) Expansion due to graphitisation ; (2) corrosion and 
oxidation; (3) thermal gradients tending towards differential 
expansion and contraction ; (4) phase or allotropic changes involving 
rearrangement of structural constituents with modification of 
volume ; and (5) pressure exerted by occluded gases. 

Absorption of Hydrogen and Nitrogen by Pure Iron. K. Iwasé 
and M. Fukusima. (Science Reports of the Toéhoku Imperial Univer- 
sity, 1938, vol. 27, Sept., pp. 162-188). The authors describe their 
investigation of the absorption of hydrogen and nitrogen in samples 
of electrolytic iron and reduced iron at temperatures up to 1250° C. 
They found that hydrogen absorption begins at about 400° C. and 
the rate of absorption increases with increased temperature, whilst 
at the A, transformation temperature there is a marked increase in 
the rate. With regard to nitrogen absorption, they found this begins 
at about 650° C. and increases with rising temperature. At the A, 
transformation stage a sudden increase in the rate also occurs, but in 
the y phase the rate of absorption decreases with rising temperature. 

New High-Quality Steels. E. Houdremont. (Metallwirtschaft, 
1938, vol. 17, Oct. 7, pp. 1053-1056). The author discusses the 
advance which has been made in Germany during the last few years in 
the production of special high-quality steels using either no imported 
raw materials or very small percentages of them. He quotes 
examples of heat- and corrosion-resisting steels with which this has 
been done, and shows also that it is now unnecessary to use tungsten 
in the manufacture of permanent magnet steel. 

The Nickel Cast Irons. A. B. Everest. (International Foundry 
Congress, Warsaw, Sept., 1938: Foundry Trade Journal, 1938, 
vol. 59, Oct. 6, pp. 253-254). The author states that the influence 
of nickel on cast iron is twofold, namely : (a) It acts as a graphitiser, 
breaking down the combined carbon to give castings in the com- 
pletely grey condition. It has only a mild action, being in this 
respect about one-third as powerful as silicon. It stabilises the 
pearlitic matrix of the castings, at the same time making the struc- 
ture more dense and refining it. (6) It lowers the critical temperatures 
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in the metal so that, as with steels, progressive additions of nickel 
render the matrix of the iron successively sorbitic, martensitic and 
finally austenitic, at the same time developing important special 
properties in the castings. He then discusses the properties of 10 
types of cast-iron containing from 1 to 36% of nickel, and presents a 
table in which they can be compared, and deals at some length with 
the machinability. The magnetic, electrical-resistance and expan- 
sion properties are dealt with in the concluding part of the paper. 

Latest Developments in Russia and Abroad in the Field of Alloy 
Steels. K. P. Grigorovich. (Kachestvennaya Stal, 1937, No. 7, 
pp. 7-13). (In Russian). In his review the author touches upon 
some tendencies in alloy-steel development and the properties of 
these steels, with particular reference to the importance of the 
various mechanical properties. Among the alloy steels the cheaper 
grades of low-alloy materials are finding increasing application, and 
deserve considerable attention. Other developments outside Russia 
mentioned are the effects of very small additions of alloying elements 
on the microstructure of steels and developments in the corrosion- 
resistant and heat-resistant steels. 

Investigation of the Properties of SDS Steel. V.V. Kuraev and 
V.G. Chernashkin. (Kachestvennaya Stal, 1937, No. 7, pp. 46-49). 
(In Russian). The mechanical properties for this low-alloy steel 
(copper 0:2-0-7%, nickel 0-04-0-13%, chromium 0-5°% and molyb- 
denum 0-03%) are summarised. The material has a satisfactory 
elongation and fatigue strength, its impact strength is comparatively 
insensitive to change in temperature, and the steel does not tend to 
age after cold-working followed by heating. 

Nickel-Boron Cast Iron for Resistance to Abrasion. W. F. Hirsch. 
(Metal Progress, 1938, vol. 34, Sept., pp. 230-232, 278). The author 
discusses some of the results obtained in an investigation of the 
properties of cast irons containing boron and nickel. Two curves 
were obtained by plotting Brinell hardness numbers against nickel 
percentages, in one case for a plain white iron, and in the other for 
an iron containing 1% of boron. A comparison of these shows that 
the addition of 4% of nickel softens the ordinary white iron, but 
induces extreme hardness in the iron with 1% of boron. The 
author also describes a method of producing an inner lining of 
“Xaloy” in a steel tube. (Xaloy is the trade name of an alloy 
containing carbon 2-50-3-25%, boron 0-70-1-:10%, silicon 0-50- 
150%, manganese 0-50-1-25%, nickel 3-50-4-50%, phosphorus 
005°, max. and sulphur 0-05% max.) 

Vanadium in Steel and Iron. W. J. Priestley. (Metals and 
Alloys, 1938, vol. 9, Aug., pp. 193-197; Sept., pp. 237-241). The 
author presents a review of the history of the use of vanadium 
alloyed with iron and steel, discussing in particular the effect of 
this metal on the mechanical properties. 

Chromium-Manganese-Molybdenum and Chromium-Manganese- 
Tungsten Structural Steels. M. V. Pridantsev. (Kachestvennaya 
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Stal, 1937, No. 9, pp. 37-42). (In Russian). The results of mechani- 
cal tests on chromium-manganese-molybdenum and chromium- 
manganese-tungsten structural steels with varying contents of 
carbon and manganese and subjected to various forms of heat 
treatment are presented. Increasing the quenching temperature of 
both types of steel raises the impact strength, the more so as the 
manganese content increases. Both the maximum reduction in the 
impact strength and the tempering temperature interval in which 
an impact strength lower than that produced by tempering at 
200° C. is obtained, increase with increasing manganese and 
carbon contents of the steels. The best treatment for both these 
steels which contain carbon 0-15°% and manganese 1-5-2-0% (the 
manganese content may be lower if the carbon content is higher) 
is to quench from a comparatively high temperature of about 
1000° C. and then to temper at about 200°C. Both steels with a 
carbon content of about 0-15°% possessed good mechanical properties 
after low-temperature tempering if the manganese content was 
comparatively high (up to 3-5%), and after high-temperature 
tempering if the manganese content did not exceed 2-5%. With a 
higher carbon content than 0-15%, the manganese content should 
be less than 2-5%. 

Low-Alloy Silicon-Manganese and Silicon-Chromium Steels. S. M. 
Baranov. (Kachestvennaya Stal, 1937, No. 7, pp. 49-52). (In 
Russian). Additions of 0-56-1-3% of manganese and 1-39% of 
chromium were made to 0-8% silicon steel (0-16% carbon). The 
mechanical properties and microstructure of these steels were 
investigated. After rolling, the properties of these steels render 
them suitable substitutes for nickel-bearing structural steel. 

Chromium-Tungsten-Silicon Steel for Cold and Hot Dies. V. A. 
Erakhtin. (Kachestvennaya Stal, 1937, No. 10, pp. 22-28). (In 
Russian). In the three steels used for the investigation the carbon 
content varied from 0-45 to 0-70%, the silicon from 0-45 to 0-75%, 
the manganese from 0-27 to 0-35%, the chromium from 1-10 to 
1:23% and the tungsten from 2-38 to 2-57%. Conclusions were 
arrived at concerning the influence of carbon on the properties of 
these steels, the effect of annealing, quenching and tempering on 
the mechanical properties of the steels, and finally the question of 
establishing the optimum heat-treatment temperatures. Some 
additional experiments were also carried out to determine the 
mechanical properties (hardness, tensile properties, elongation, 
reduction of area and impact strength) of these steels at tempera- 
tures up to 700° C. The higher carbon content, i.e., between 
0-55 and 0-65%, was found to have a beneficial effect on the mechani- 
cal properties, both at room temperature and at elevated tempera- 
tures. 

The Choice of Steel for the Valve Springs of the ZIS-101 Engine— 
Their Production and Testing. A. F. Fedorov. (Kachestvennaya 
Stal, 1937, No. 10, pp. 37-41). (In Russian). Experience obtained 
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in the production and heat treatment of valve springs made of 
carbon, manganese and chromium-vanadium steels is described. 
Reference is made to the various defects encountered in springs and 
their causes. A critical survey of these data leads to the choice of 
a steel with 0-6-0-7% of carbon, 0-9-1-2% of manganese, 0-2-0-3% 
of silicon, with phosphorus and sulphur both not exceeding 0-035% 
for such springs. Attempts to produce high-tensile oil-tempered 
wire from the chromium-vanadium steel met with a number of 
difficulties and its use was abandoned. The mechanical properties 
determining the suitability of a steel for springs are briefly con- 
sidered. 

Chromium-Tungsten-Silicon and Chromium-Silicon Steel for 
Pneumatic Hammers. V. Erakhtin and A. Ostapenko. (Stal, 
1938, No. 4, pp. 66-67). (In Russian). The effect of the carbon 
content and of heat treatment on the mechanical properties of steels 
containing (a) 0-75-1-05% of silicon, 2-0-2-5% of tungsten, and 
1-0-1-3% of chromium, and (6) 1-2-1-6% of silicon and 1-3-1-6% of 
chromium was investigated. Maximum hardness was obtained by 
quenching from 900-950° C. The silicon-chromium steel suitably 
treated (quenched from 920-940° C. in oil or water and tempered 
at 220-280° C., depending on the hardness required) is a perfectly 
good substitute for the tungsten-bearing steel. The carbon content 
should be 0-40-0-50%. 

British Standard Specification for Mild Steel Drums for Lubri- 
eating Oils. (British Standards Institution, No. 814-1938). 
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Significance of the Terms Troostite and Sorbite. J. R. Vilella 
and L. R. Cooper. (Metals and Alloys, 1938, vol. 9, Sept., pp. 223- 
229). The authors discuss the definitions of the terms martensite, 
troostite, sorbite and pearlite as set forth in the report of the Com- 
mittee on Nomenclature set up by the International Association for 
Testing Materials, and describe the heat treatments required to 
produce these structures. They demonstrate the inconsistencies 
and ambiguities in the work on which the present nomenclature is 
founded, and suggest that a proper system of names should comply 
with the three following principles : (a) A name should be used to 
designate only a single type of structure; (b) the name should be 
based not on any assumption of the mechanism of the formation of 
the structure, but solely on its appearance as disclosed by good 
metallographic technique without reference to carbon content or 
general composition of the steel; (c) a continuous series of struc- 
tures, ¢.g., as obtained on tempering martensite, should not be given 
more than one name unless there is some defining landmark which 
does not depend upon the equipment and technique of the observer. 
The authors conclude with some suggestions as to a means of 
arriving at a nomenclature system based on these principles. 

Distinctions between Pearlite, Troostite and Sorbite. H. G. 
Mahin. (Metal Progress, 1938, vol. 34, Sept., pp. 218-221). The 
author gives his views on the use of the terms cementite, pearlite, 
troostite and sorbite, and although he does not attempt to state 
just what composition of phases or what proportion of constituent 
phases constitutes the correct qualification for inclusion under any 
of these terms, he proposes the following distinctions : Pearlite— 
The normal product obtained by the slow transformation of eutectic 
austenite. It consists of the phases ferrite and cementite, the com- 
position and relative amounts of which depend upon the proportions 
of other elements present, soluble in either phase, and upon the 
degree of approach to infinitely slow cooling. T'roostite and Sorbite 
—Recognisable and fairly characteristic microstructures produced 
by the rapid cooling of iron-carbon alloys, or by reheating such 
alloys after they have been fully hardened. They consist essentially 
of the phases ferrite and cementite, but since these phases have 
formed under far from equilibrium conditions, and from alloys not 
necessarily of eutectic composition, the composition, relative 
amounts, form and average crystal size of such phases depend upon 
the specific composition of the alloy and its thermal history. 

The Siemens Elektron Microscope. (Engineering, 1938, vol. 146, 
Oct. 21, pp. 474-475). A description is given of the Elektron 
microscope designed by B. von Borries and E. Buska, together with 
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an explanation of the principles involved. With this instrument 
it is possible to obtain magnifications of the order of 30,000 diameters, 
as compared with about 2000 diameters which is the limit for the 
optical microscope. 

The Plastics for Mounting Metallographic Samples. L. L. Wy- 
man. (Report of Committee E-4; American Society for Testing 
Materials, June-July, 1938, Preprint No. 24). After enumerating 
the general requirements of a suitable material for mounting metal- 
lographic specimens, the author discusses in what degree the plastic 
materials now available fulfil these requirements. He points out 
the important difference between ‘“ thermoplastic” resins which 
are moulded by the application of heat, or heat and pressure, and 
do not undergo any chemical change, and the “ thermosetting ” 
resins in which a chemical change does take place during the process 
of moulding. The former category covers the range from poly- 
styrenes and acrylates to the nitrate and acetate derivatives of 
cellulose, and these are being increasingly used as mounting media 
because of their transparency. To the latter category belong the 
phenol-aldehyde, urea-aldehyde and alcohol-acid resins, which 
usually have some kind of filler material, such as wood flour, as- 
bestos or cloth fibre, mixed with them to give the required strength. 
Having regard to the heat set up during the grinding and polishing 
of a specimen, it is essential to know the thermal properties when 
selecting the most suitable plastic material to use. In the conclud- 
ing part of the report the author describes the equipment required 
and the moulding technique employed for the mounting of specimens. 

Radiography in Industry. H. H. Lester. (American Society 
for Testing Materials, Bulletin, 1938, Oct., No. 94, pp. 5-13). After 
touching upon the history of the application of X-ray radiography 
to metallurgy, the author proceeds to a detailed discussion of its 
application to detect faults in castings and in welds. In regard to 
the former application, he analyses the answers received to a 
questionnaire sent to a number of foundries. These answers showed 
that while no fundamental objections to this method of testing were 
raised, its more universal application was restricted chiefly on the 
ground of cost. In dealing with the radiography of welds, the 
author discusses a number of papers presented by sub-committees 
of Committee E-7 of the American Society for Testing Materials. 
He also describes the penetrameter which is used for comparison 
purposes in X-ray photographs. This consists of a piece of steel 
+ in. wide with steps $ in. long of graded thicknesses; this piece 
of steel is placed alongside the metal to be radiographed in such 
a way that the step which appears in the radiograph has a 
thickness equal to 2% of that of the specimen. Each step has a 
g-in. dia. hole drilled through the }-in. square face, and if this hole 
appears in the radiograph, it is assumed that all cavities of equal or 
greater thickness in the metal will also be visible. In criticising this 
device, the author shows that the “ area effect ’’ has been neglected, 
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and that the holes in the penetrameter are too large, because the 
reproduction of an image in the negative depends upon its blackness 
relative to the background, upon the sharpness of its outline, and 
upon its area. 

Metal Crystals—An Examination of Their Physical Characteristics. 
B. Chalmers. (Metal Industry, 1938, vol. 53, Sept. 9, pp. 243-246 ; 
Sept. 23, pp. 295-298; Sept. 30, pp. 323-325). In the first part of 
this paper on the physical properties and characteristics of metal 
crystals, the author deals mainly with the various methods of 
preparing single metallic crystals, including the strain-annealing 
and solidification methods, and with the types of structure of single 
crystals. In the second part the author explains the principles 
applied in three methods of determining the directions of the axes 
in a single-crystal specimen ; two of these methods are based on the 
microscopic examination of the “ pits”” which form during etching, 
and the third method consists in observing the surface markings 
which appear when single crystals are stretched. Concluding this 
part with a discussion on the distortion of single crystals, the author 
proceeds in Part IIT. to a consideration of the effect of work-harden- 
ing on metal crystals. In summarising the present state of know- 
ledge of the mechanical behaviour of single crystals, he declares 
that although this behaviour is not fully understood, it is on the 
whole that which would be expected in anisotropic material. It is 
generally accepted that the process of slip, which occurs in definite 
directions and in fairly definite planes, with its accompanying 
work-hardening, is a result of the fact that any crystal has a mosaic 
structure—that is, it consists of very small blocks of perfect crystals 
slightly inclined to each other. In conclusion the author states 
that the main problem confronting investigators is to account for 
the existence of this mosaic structure and to explain the process of 
slip which is accompanied by work-hardening, either by means of 
the mosaic structure theory or by some other theory. 

The Determination of the Crystallographic Orientation of Cubic 
Single Crystals. F. Stablein and H. Schlechtweg. (Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, Oct., No. 9, pp. 
157-160). 

On the Moment of Rotation of a Cubic Single Crystal in the 
Magnetic Field. H. Mussmann and H. Schlechtweg. (Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, Oct., No. 10, 
pp. 161-166). The authors explain the calculations used to deter- 
mine the magnetic orientation of cubic single crystals, and apply 
the method to determine the moment of rotation exerted in a single 
crystal plane in a sheet of transformer steel for various angles 
between the direction of the field and the direction of rolling. 

Structure of Iron after Compression. C.S. Barrett. (American 
Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 997 ; Metals Technology, 1938, vol. 5, Oct.). The 
author describes a method of compressing specimens by rolling them 
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successively in many different directions. By this method the 
material can be deformed up to the limit imposed by its capacity to 
flow without fracture. He applies this and other more conventional 
methods of compression to «-iron, and analyses the results by a 
special optical method, as well as by standard X-ray methods. He 
finds that crystals or individual grains of «-iron do not, as a rule, 
seek a single orientation during deformation by compression. A 
crystal having initially [100] near the compression axis will become 
a distorted crystal with [100] parallel to the axis, while one starting 
with [111] near the axis will become a distorted crystal with [111] 
parallel to the axis; all the others cease to be single crystals and 
produce the structure known in the literature as deformation bands, 
etch bands, or X-bands. The crystalline material in the bands 
rotates progressively as deformation continues, so as to bring [111] 
in one band and [100] in another band into positions parallel to the 
axis. ‘This mechanism is responsible for the compression texture of 
polycrystalline iron, which the author finds to be a double fibre 
texture with [111] and [100] parallel to the compression axis. The 
author is of the opinion that slip occurs on a considerable number of 
slip systems, and he presents a graphic representation of all the 
possible slip systems and their resolved shear stresses. Deformation 
bands have probably caused errors in the determinations of the slip- 
planes of «-iron and $-brass by Taylor and Elam. Both face-centred 
and body-centred deformation bands analogous to those in iron 
apparently form in other metals, and the author suggests that in 
such cases deformation bands are important factors in the develop- 
ment of deformation and recrystallisation textures. 

Surface Cracks on Large 18°, Chromium, 8% Nickel Alloy Steel 
Castings. P.R.Kosting. (American Society for Testing Materials, 
June-July, 1938, Preprint No. 40). It has been found that large 
18/8 stainless steel castings frequently have intergranular cracks 
starting on the surface and penetrating up to 3 in. In this paper 
the author describes the method of etching he used, and reproduces 
macrographs and X-ray photographs which he obtained when 
investigating these cracks. He found that the free-machining 
quality of this steel was more liable to possess these defects, and 
that fine-grained castings will not be prone to such cracking if cooled 
either quickly or very slowly. 

Theoretical and Practical Significance of Graphitisation in Cast 
Iron. E. Piwowarsky. (Foundry Trade Journal, 1938, vol. 59, 
Sept. 8, pp. 181, 184). A translation of an article which appeared 
in Giesserei, 1938, vol. 25, Aug. 12, pp. 393-395. (See Journ. I. 
and §.I., 1938, No. II., p. 327 a). 

Refinement of the Structure of Castings. A. Portevin. (Inter- 
national Foundry Congress, Warsaw, Sept., 1938 : Foundry Trade 
Journal, 1938, vol. 59, Oct. 27, pp. 311-312). The author reviews 
the knowledge now available concerning the refinement of the 
structure of castings, and with regard to ferrous alloy castings he 
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discusses the following three solidification characteristics: (1) The 
external form of the crystals during their free growth, 7.e., while 
surrounded by liquid, (2) the number per unit volume and the 
average size of the crystals, and (3) the mutual orientation and 
relative dimensions of the crystals. 

The Influence of Heat Treatment on the Properties of Thin Cold- 
Rolled Sheet of 1008 Steel. P.M. Dontsov. (Kachestvennaya Stal, 
1937, No. 7, pp. 52-54). (In Russian). The steel used in the 
investigation contained 0-1°, of carbon, 0-03-0-05% of silicon and 
0-42-0-48% of manganese. The object of the research was to 
establish the influence of the rate of cooling in the critical range 
on the structure, mechanical properties, elongation, bend-test 
properties and Erichsen value. It was found that the rate of 
cooling in works practice was too low, and that better properties 
could be obtained by increasing it. 

The Relation Between the Grain Size and the Properties of Tool 
Steels. I. N. Golikov. (Kachestvennaya Stal, 1937, No. 7, pp. 
14-20). (In Russian). The author describes the results of observa- 
tions of the effect of grain size on the properties of four groups of 
tool steels—namely, carbon steels and low-alloy tungsten or vana- 
dium steels, steels alloyed with chromium or with chromium plus 
other elements in amounts of 0:5-4:0%, high alloy steels and die 
steels. The results of this research indicated the advantages of 
estimating the quality of tool steel from its quenching properties 
rather than from its grain size. The McQuaid-Ehn grain size could 
be related to the properties of shallow-hardening tgol steels, but in 
deep-hardening steels the grain size had no influence on the properties 
of the treated steel. Grain size control could therefore be used as 
a method of regulating the depth of hardening produced by quench- 
ing only in the case of the first group of steels. 

The Influence of Inherent Grain Size and Grain Size Resulting 
from Heat Treatment on the Isothermal Transformation of Austenite 
in Chromium-Nickel Steel. I. E. Kontorovich and 8. Z. Bokshteyn. 
(Kachestvennaya Stal, 1937, No.7, pp. 24-26). (In Russian). Two 
heats of chromium-nickel steel with inherent fine and coarse grains 
were studied. The influence of the grain size on the stability of 
the austenite was investigated by heating the specimens to various 
temperatures and studying the subsequent isothermal transforma- 
tion of the austenite. The grain size was found to have a marked 
effect on the stability of the austenite, this stability increasing with 
increasing grain size, irrespective of how the latter had been pro- 
duced. Nevertheless, where the grain size of the austenite had been 
regulated by deoxidation, the metal had certain peculiarities not 
connected with the size of the grain. 

Austenite Grain Size in Tool Steels. T. N. Nazarova and V. V. 
Skotnikov. (Kachestvennaya Stal, 1937, No. 10, pp. 53-54). (In 
Russian). After briefly referring to methods available for the 
determination of grain size, the authors point out the advantages 
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of the oxidation method of grain-size determination which has been 
developed in the laboratory at the Skoda Works. Some experi- 
mental data obtained show that the grain size determined by this 
method agrees fairly closely with that determined by the McQuaid- 
Ehn method. The oxides formed in the grain boundaries appear to 
have no retarding effect on the grain growth. The oxidation method 
can be applied in certain investigations connected with grain growth 
to which the cementation process is inapplicable. 

Pearlitic Rapid-Malleablising Cast Iron. R. Gnade, E. Piwowar- 
sky and W. Felix. (Giesserei, 1938, vol. 25, Sept. 23, pp. 469-473). 
The authors describe an investigation which had the object of 
discovering the composition of a cast iron which would possess a 
predominatingly pearlitic matrix with no free ferrite or cementite as 
far as possible independent of the cooling rate. This was done by 
making systematic changes in the carbon, silicon and manganese 
contents. They found the analysis which gave the best results was 
carbon about 2-4%, silicon 0-6-0-7% and manganese 0-7-0-8%, and 
the most suitable rate of cooling was 80-100° C. per hr. This pro- 
duced an iron with a tensile strength of 60-70 kg. per sq. mm. with a 
proof stress exceeding 40 kg. per sq. mm. and with 1-5-2% elongation. 
Slightly improved mechanical properties were obtained by adding 
up to 15% of nickel. 

Kinetics of the Decomposition of Austenite at Constant Tem- 
perature. J. B. Austin and R. L. Rickett. (American Institute of 
Mining and Metallurgical Engineers, Technical Publication No. 963 ; 
Metals Technology, 1938, vol. 5, Sept.). Measurements of the rate 
of decomposition of austenite at constant temperature are usually 
represented by plotting the percentage transformed on linear 
co-ordinates against time on either a linear or a logarithmic scale ; 
the curves thus produced are approximately S shaped. This type 
of curve has several disadvantages in its application, and the 
authors in this paper describe a method of plotting these rates of 
decomposition of austenite so that straight lines are produced. In 
this case the time, on a logarithmic scale, is plotted against the 
percentage transformed, which is on an “ integrated-probability ”’ 
scale. Graph paper printed with the “ probability” scale as 
ordinate and the logarithmic scale as abscissa is obtainable. These 
straight-line graphs have many advantages: the number of read- 
ings required to fix the position of the curve is greatly reduced, 
interpolation is easy and rapid, extrapolation can be carried out 
with greater confidence, and the consistency of the measurements 
is readily estimated from the scatter of the points. The authors 
also describe an investigation of the relationship of the rate of trans- 
formation to the temperature of six steels, using the above system of 
plotting the graphs. 

Influence of Low Temperatures on Quenched Steels. EI173 
and E1184, N. Minkevich, O. Ivanov and Ya. Dovgalevskiy . 
(Stal, 1938, No. 4, pp. 63-65). (In Russian). The steels examined 
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had the following compositions: HI 173—carbon 1-10%, silicon 
0:25%, manganese 0-4%, tungsten 2-38%, vanadium 0-81%, 
chromium 9-20%; and EI 184—carbon 0:98%, silicon 0-62%, 
manganese 0-4%, tungsten 408%, vanadium 1-56%, chromium 
868%. The influence of low temperatures was investigated on 
quenched test-pieces by measuring the change in hardness, magnetic 
saturation and specific electrical resistance. It was found that in 
these steels quenched from 1200° C. in oil, the residual austenite 
(50-60%) commenced to change into martensite if the temperature 
of the specimen was reduced below —20° C. This transforma- 
tion ceased on cooling to about —80° to —100° C. without the 
whole of the austenite having undergone the transformation. 
Further cooling down to —183° C. (liquid oxygen temperature) 
caused no further structural changes. The steels after quenching 
and supercooling to —183° C. underwent ageing on heat-treating at 
100° C., the ageing being accompanied by a reduction in electrical 
resistance and an increase in hardness of 1-5-2 Rockwell units. In 
a series of quenched specimens, some of which had and some of which 
had not been cooled to —183° C., tempering for 2 hr. at temperatures 
between 200° and 650° C. caused, in general, a decrease in the 
difference, at room temperature, in the magnetic saturation and 
hardness values of the cooled and untreated specimens; this 
difference practically disappeared after tempering at 550° C. 

The Influence of the Rate of Cooling on the Transformation and 
Properties of Vanadium Steels. IF. Wever and A. Rose. (Mitteil- 
ungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, 
vol. 20, No. 16, pp. 213-227). The authors describe their investiga- 
tion of the effect of increasing the rate of cooling on the structure 
of steels containing 0-5 and 1-0% of vanadium and 0-3-1:7% of 
carbon. It was found that at rates of cooling up to about 20° C. 
per sec. the temperature at which transformation to pearlite 
occurred was lowered to about 600° C. At cooling rates of 15° C. 
per sec. and faster a new and independent transformation was 
observed ; in this the initial eutectoid ferrite precipitation was sup- 
pressed. The temperature of austenitic precipitation decreased 
from about 525° C. with low carbon contents to about 450° C. with 
1-5% of carbon, and was independent of the cooling rate. 

Isothermal Transformation of Austenite under Works Con- 
ditions. T. 8. Skorikov. (Kachestvennaya Stal, 1937, No. 9, pp. 
32-37). (In Russian). Data obtained in experiments on the iso- 
thermal treatment of cylindrical specimens of case-hardened and 
non-case-hardened steels of the chromium-nickel-tungsten type 
treated under works conditions are described. It is concluded that 
the isothermal method of bringing about the transformation of the 
austenite in such steels is superior to other methods, particularly 
in the case of case-hardening steels, as with it distortion and internal 
stresses in the heat-treated parts are avoided without any detri- 
mental effect on their mechanical properties. 














Cc —sS OO ere OW mete CUS 





METALLOGRAPHY AND CONSTITUTION. 654 


Iron-Carbon Diagram in Polar Co-ordinates. G. O. Marrs. 
(Steel, 1938, vol. 103, Oct. 10, p. 91). The author presents an 
example of the iron-carbon diagram in which the temperatures are 
indicated by a series of concentric circles starting from 0° at the 
centre and rising in 250° stages to 1500° C., and the carbon is 
indicated by radii representing from 0 to 6-8% of carbon in stages 
of 085%. These radii thus indicate important natural divisions 
from pure iron on the one side to total cementite on the other. 

The Niobium-Iron Diagram. (Metallurgist, 1938, vol. 11, Oct., pp. 
164-165). In this article the results of R. Vogel and R. Ergang’s 
investigations of the iron-niobium system are discussed. (See 
Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Sept., pp. 155-156 
and Journ. I. and §.I., 1938, No. IT., p. 400 a). 

The Iron-Niobium Diagram. H. Eggers and W. Peter. (Mit- 
teilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, 
vol. 20, No. 15, pp. 199-203). The authors describe their thermal, 
microscopic and X-ray investigations of the iron-niobium system, 
in the course of which they found that iron and niobium form an 
intermetallic compound which melts at 1650-1660° C. and most 
probably has the formula Fe,Nb,. 

The Iron Corner of the Iron-Niobium-Carbon Diagram below 
1050° C. H. Eggers and W. Peter. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 15, pp. 
205-211). The authors give an account of their investigation of 
the iron-niobium-carbon system. The evaluation of numerous 
results showed that in the three-dimensional diagram for alloys with 
low niobium contents a four-phase plane is possible at 705° C. and 
another at 920° C. At 705° the y-phase breaks down according to 
the equation y == « + Nb,C; + Fe,C, whilst at 920° a non- 
variant transformation occurs in accordance with the equation 
y + Fe,Nb, => «+ Nb,C;. The three-phase space « + y + Fe,C 
is very narrow, so that the composition of the ternary « and y solid 
solution at 705° is practically the same as that of the binary « and 
y solid solution of the iron-carbon system at the A, transformation 
temperature. On the basis of chemical and X-ray investigations 
ne apeeon: composition of niobium carbide was assumed to be 

Vs: 

The Iron Corner of the Iron-Silicon-Titanium System. R. Vogel 
and W. Schiiter. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, 
Oct., pp. 207-212). The authors describe an investigation of the 
structures at different temperatures of the ternary iron alloys con- 
taining up to 30% of silicon and 30% of titanium. 
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Symposium on Protecting Metals Against Corrosion. (American 


Society for Testing Materials, Apr. 19, 1938). At this symposium 
held in Detroit, the following four papers were presented : 


Corrosion- Resistant Alloys, by H. W. Gillett.—The author 
points out the vagueness of the term “ corrosion-resistant ” 
and explains the several types of corrosion which different alloys 
are intended to resist. In discussing the velocity of corrosion, 
he shows how this depends upon the ability of the surrounding 
atmosphere or liquid to remove the products of corrosion, and 
explains that alloys high in chromium are resistant to oxidising 
conditions not because they are not oxidised but because they 
are so easily oxidised. He suggests in conclusion that the 
American Society for Testing Materials should attack the 
problem of testing oxide films in order to find a more rapid 
means of determining the estimated life of an alloy. 

Protection of Base Metal by the Use of Metallic Coatings, 
by C. E. Heussner.—In this paper, the author briefly describes 
and discusses the subject in four sections, namely: (1) Coat- 
ings formed by immersion in a bath of molten metal, (2) coat- 
ings applied by cementation, which includes the sherardising 
and calorising processes, (3) coatings applied by the spray 
gun, and (4) electro-plating. The major portion of the paper 
is devoted to electroplating and in this section the author 
gives particulars of bath compositions and operating data for 
plating with zinc, cadmium, copper, nickel, chromium, gold, 
silver, lead, iron and brass. 

The Pretreatment of Metals, by R. J. Wirshing.—The author 
describes several processes of treating the surface of metal 
prior to the application of paint or enamel. These processes 
include: (a) Parkerising, which was introduced about 1928 
and was based on the use of manganese di-hydrogen phosphate 
to form a coating of iron phosphate, (b) bonderising, in which 
a small amount of a copper salt was added to speed up the 
reaction between the iron and the phosphoric acid, (c) the 
Loxal process in which oxalic acid is used to form a coating 
of iron phosphate, and (d) cromodising in which chromic acid 
and sodium chloride are used, the temperature required being 
180° F. instead of 210° F. as for bonderising. 

Corrosion Protection by Means of Organic Coatings, by J. L. 
McCloud.—The author reviews and discusses the composition 
and properties of paints, resins and lacquers. 


Permanency of the Stainless Steels. V.N. Krivobok. (Metal 


Progress, 1938, vol. 34, Sept., pp. 223-229). The author utters a 
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warning against the over-optimistic belief in the permanency of 
stainless steels, for, while their development represents a very great 
advance in the fight against corrosion, even they will corrode under 
certain conditions and after certain periods of time. A particular 
form of corrosion, the cause of which is not fully understood, is 
pinhole corrosion, which is induced or accelerated by any severe 
straining of the metal. Discussing this, the author shows that a 
chromium-nickel-iron alloy with an addition of 2-5-3-5% of molyb- 
denum offers greater resistance to this form of corrosion than any 
other stainless alloy. He presents the results of tests made by 
boiling specimens in nitric acid. Investigations are now being made 
on the effects of additions of niobium to this alloy, for it is hoped by 
this to minimise the susceptibility to corrosion induced by the 
precipitation of carbides. The author turns next to chromium- 
manganese steels, and shows that in order to obtain a manganese- 
chromium alloy entirely in the austenitic phase containing 18% of 
chromium the percentage of manganese would have to be much 
higher than that of nickel in a corresponding nickel-chromium alloy. 
He also gives the results of some corrosion and oxidation tests on 
chromium-manganese steels, and in conclusion enumerates and 
discusses a number of factors which affect the rate of corrosion. 
Deterioration of Structures in Sea-Water. (Seventeenth (Interim ) 
Report of the Committee of the Institution of Civil Engineers, 1938). 
This interim report of the committee set up by the Institution of 
Civil Engineers to study the deterioration of structures in sea-water 
commences with a general survey of the work done since the previous 
interim report was issued, and includes the five following sections : 


G. Barger: Summary of Work on the Protection of Timber 
during the year 1936-7, and Notes on the Resistance of 
Timbers. 

J. Newton Frrenp: Losses in Weight and Pitting of the 
Committee’s Iron and Steel Specimens after 15 Years’ 
Exposure. 

R. E. Strapiine : The Deterioration of Reinforced-Concrete 
Test-Pieces in Sea-Water ; Report for the Year 1936-7. 

Sir Robert A. Haprietp, Bart.: Experiments on Nitrided 
Austenitic Manganese Steel. 

C. Benepicks: Summary of Conclusions on the 5-Year Tests 
of the Committee’s Iron and Steel Specimens. 


The report by J. Newton Friend consists of 14 tables setting out 
the loss: in weight, the depth of the deepest pit and notes on the 
appearance of the specimens after exposure at Auckland, Colombo, 
Halifax and Plymouth. 

Sir Robert A. Hadfield refers to the investigations by Shun-Ichi 
Satoh (see Journ. I. and §.I., 1936, No. I., p. 205 a) in which the 
latter found that nitrided austenitic manganese steel exhibited higher 
potentials than other alloy steels and never became rusty, and 
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reports the results of some tests on nitrided and un-nitrided man- 
ganese steel specimens immersed for three months in artificial sea- 
water at a temperature of 36-40° C. The losses by corrosion averaged 
27 g. per 1000 sq. cm. for the un-nitrided and 32-75 g. per 1000 sq. 
em. for the nitrided specimen. 

In his summary, C. Benedicks finds that, very approximately, 
the depth of pitting in total-immersion, as well as in aerial tests, 
increased roughly in proportion to the air temperature, whilst 
the half-tide tests showed that an opposite effect was superimposed 
upon this influence of temperature on the rate of pitting. This 
opposite effect, which is weak at high and strong at low tempera- 
tures, is no doubt caused by the easy condensation of water at low 
temperatures. 

e Treatment of Waters—Its Influence on the Corrosion of 
Metals. U. R. Evans. (Journées de la Lutte contre la Corrosion, 
1938, Group 3, No. VI.). The author quotes practical examples 
which illustrate the principle that the corrosive effect of a salt 
solution is closely related to the solubility of the products of the 
anodic and cathodic reactions. If these two gredinetn are easily 
soluble, the solution will attack the metal vigorously ; but if either 
the anodic or the cathodic reaction product is not easily soluble, the 
corrosion will be slight. The author then discusses the occurrence of 
calcium bicarbonate and carbon dioxide in natural waters, and 
compares the saturation indices of Langelier with those of Strohecker. 
In the concluding part of his paper he considers briefly the different 
processes of achieving a partial softening which are recommended 
by L. W. Haase; J. Tillmans and O. Heublein; J.C. Thresh, J. F. 
Beale and E. V. Suckling ; and C. P. Hoover and 8. C. Britton. 

An Unusual Case of Corrosion in a High-Pressure Boiler. RK. 
Habib. (Chaleur et Industrie, 1938, vol. 19, Sept., pp. 512-514). 
The author reports an investigation of the causes of an unusual type 
of corrosion in a Babcock and Wilcox boiler working at 620 Ib. per sq. 
in. at a Belgian works. This corrosion was in the form of large fungus- 
like spots of iron oxide 2-3 cm. in diameter, which formed on the 
lower half of the vaporiser tubes, and particularly on those tubes 
most exposed to the flame. After various investigations had been 
made, it was found that there were some bronze bolts and studs in 
the boiler drum which were badly corroded. In order to prove 
whether electrolytic action was at the root of the trouble, some of the 
iron oxide substance which formed the spots was ground up, spread 
on a gelatine plate and treated with a solution of «-benzoinoxime. 
The powder adhered to the gelatine, which was again wetted with 
the solution and then treated with gaseous ammonia. After 
rinsing and drying, a microscopic investigation revealed the presence 
of minute rings of a greenish precipitate of the composition 
(C,,H,,0,N)Cu surrounding particles of copper. The author ex- 
plains the mechanism of the corrosion with the aid of micrographs 
and a diagram. 
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The Changes in the Steel of a Gun Caused by Firing. . Pianta- 
dina. (Mémorial de |’Artillerie Francaise, 1938, vol. 17, No. 66, 
pp. 137-151). The author gives an account of his investigation of 
the causes of erosion and surface-hardness in two nickel-chromium 
steel gun barrels after firing 494 and 413 rounds, respectively. His 
microscopic examination revealed a surface layer of very fine 
martensite from 0-01 to 0-02 mm. thick, which at its junction with 
the base material had minute particles of troostite mixed with it, 
The cause of this is that the heat from the gases of the explosive 
charge, together with that produced by friction between the pro- 
jectile and the barrel, heat the latter to a temperature exceeding 
800°C. This is followed by very rapid cooling as the mass of the 
metal absorbs this heat. The author therefore considers that 
firing the gun has a tempering effect on the inside surface of the 
barrel. 

Protective Measures to Prevent the Corrosion of Wire Ropes. 
H. Herbst. (German Corrosion Congress, Cologne, Oct. 22, 1936: 
Métaux et Corrosion, 1938, vol. 13, Aug., pp. 149-152; Sept., 
p. 170). After reviewing the external and internal causes of the 
corrosion of wire ropes, the author discusses the measures which can 
be taken during manufacture, such as the application of zinc and lead 
coatings, to prevent it. In conclusion he considers the factors 
governing the choice of a lubricant, and alternative methods of 
securing the ends of wire ropes. 

Relation of Soil Properties to Corrosion of Buried Steel. W. F. 
Rogers. (Industrial and Engineering Chemistry, 1938, vol. 30, 
Oct., pp. 1181-1188). The author describes an investigation which 
was carried out to study the effects of the water content in soil, the 
pH value of the soil and its electrical resistance properties on the 
corrosion of buried steel pipes. Data were obtained from both 
observations in the field and laboratory tests. The results were 
correlated, and are here presented by means of tables and graphs. 
It is demonstrated that although both the pH value and the electrical 
resistivity of the soil affect the rate of corrosion, the dominating 
factor is the proportion of air to water in the soil. 

A Study of the Rate at Which Mild Steel Dissolves in Dilute 
Sulphuric Acid. J.C. Hudson and T. A. Banfield. (Journées de la 
Lutte contre la Corrosion, 1938, Group 3, No. III.). The authors 
describe an investigation of the influence of a number of factors on 
the rate of dissolution of mild steel in sulphuric acid. The results 
showed that (1) the rate of dissolution of a specimen the surface of 
which had been pickled in sulphuric acid is 30° lower than when the 
surface was prepared by grinding; (2) the rate of dissolution of 
rectangular specimens of the same width and thickness varies 
directly with the length; (3) for any acid concentration between 
5N and 10N, the relation between the loss of weight W in 1 hr. at 
40° C. and the loss when using N acid is expressed by the equation : 
log W =aN +b, where a and 6 are constants; (4) the rate of 
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dissolution in pure dilute sulphuric acid is about 17% higher than 
in commercial sulphuric acid of the same strength ; (5) for pickled 
samples at a constant temperature the relation of the loss of weight 
W to the time of immersion ¢ during the first six hours is W = at’ 
where a and b are constants; and (6) the approximate relation be- Iy 
tween the loss of weight W and the absolute temperature K for any 
given period of immersion is expressed by the equation : log W = 
a + 6/K, where a and 6 are constants. 

The Examination of Some Tinned Foods of Historic Interest. 
(Chemistry and Industry, 1938, Aug. 27, pp. 808-814; Sept. 
3, pp. 827-835; Oct. 1, pp. 914-917). In Part I. of this series 
J.C. Drummond and W. R. Lewis review the history of the canning 
industry from the work of Nicholas Appert at the end of the eight- 
eenth century, and quote numerous letters to and from the British 
Admiralty relating to the supply of preserved foods to the navy. 
Particulars of consignments for several Arctic expeditions are given. 
In some cases subsequent expeditions recovered several of the cans 
many years later. In Part II. T. Macara describes the special 
apparatus used for opening cans which had been recovered. Part 
Ifl. by J. C. Drummond and T. Macara reports the chemical in- 
vestigations of their contents, and in Part [V. G. 8. Wilson and 
H. L. Shipp deal with the bacteriological investigations. Part V. 
is devoted to the investigation of the metal containers. Two of 
these were from Parry’s expedition in 1824, one from Belcher’s 
expedition in 1851, four others date from about 1855, and one of 
1880 was of American origin. In one case half of the inside surface 
was corroded in patches, the remainder being still bright or only 
slightly discoloured. Corrosion had followed many of the scratches 
which were caused by the use of sharp sand for cleaning before the 
can was filled. It was observed that scratches on the outside 
were sometimes still brightly tinned, although they passed through 
badly corroded areas. A metallurgical examination revealed that 
the base material of the tinplate had the laminated structure of 
wrought iron and that the tin was of high purity—at least 99-92%. 
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e- ImpeRIAL INSTITUTE. Reports on the Mineral Industry of the 
y British Empire and Foreign Countries. “‘ Manganese.”’ (Second 
es edition). By A. W. Groves. 8vo. pp. 164. London, 1938 : 

The Imperial Institute. (Price 3s. 6d.) 
st. This 164-page publication by Dr. A. W. Groves treats principally 
it. of the world resources of manganese ore, with special emphasis on 
Empire deposits; but it also contains a large amount of information of 
- a more general character, and deals fully with the mineralogical com- 
ag position, classification, limits of impurities, uses, marketing, trade and 
it - production statistics. The manganese mines, resources, and trade of 
sh no less than 55 countries are dealt with in a concise yet comprehensive 
manner. In this age of steel, manganese’is no less a key metal in the 
y: manufacture of armaments than it is for many peaceful applications. 
n. Manganese ore is as essential to the iron and steel industry as iron ore 
ns and coal, for, on the average, about 30 lb. of high-grade manganese 
ial ore are consumed for each ton of steel produced, and no acceptable or 
rt adequate substitute has yet been discovered, nor is any in prospect. 
| Steel containing about 12°% of manganese has an extraordinary resistance 
n- to abrasion, and is therefore used in many parts subjected to severe 
nd mechanical conditions. The high-tensile structural steels contain 
V. manganese, and so do the rails on our railways. Manganese is a 
of constituent, though often only to the extent of 1 or 2% of a very 
‘ large number of alloys both ferrous and non-ferrous; among the 
rs latter are manganese bronze used for ships’ propellers, special brasses 
of and bronzes, and the light metal alloys. Considerable quantities of 
ce natural manganese dioxide (pyrolusite) are consumed by the dry 
ly battery, glass, ceramic, paint, varnish, and chemical industries. 

Large-scale production of manganese ore is confined to the U.S.S.R., 
1e8 India, the Gold Coast, the Union of South Africa, Brazil, Egypt, and 
he Cuba. Excluding the U.S.S.R., it is noteworthy that the United 
de Kingdom and the other great iron- and steel-producing countries of 
h Europe, as well as the U.S.A. and Canada, have to rely almost entirely 
8 upon imports from distant lands for their essential supplies of man- 
at ganese ore of metallurgical grade. Likewise, with the exception of 
of the U.S.S.R. and the U.S.A., the principal industrial countries of the 
os world are poorly endowed with manganese ore of battery or chemical 


grade. It follows that the bulk of the world’s consumption of man- 
ganese ore is ocean-borne. The British Empire is favourably situated 
with regard to supplies of manganese ore, the reserves in India, the 
Gold Coast, the Union of South Africa, and Malaya reaching a vast total. 
In 1936 29% of the world’s production of manganese ore was from 
Empire countries, but 61% of the world’s exports came from Empire 
countries. Those interested in the manganese-ore industry, whether as 
consumers, producers, brokers or students of economics, will find in 
this book a concise, up-to-date and authoritative account of this 
essential commodity, plus an abundance of statistical data. 


Burt, H. J. ‘‘ Steel Construction.” Revised by C. H. Sandberg. 
8vo. pp. 438. Illustrated. Chicago, 1939: American Tech- 
nical Society; London: The Technical Press Ltd. (Price 
15s.) 

The new edition of this text and reference book on the design of 
steel framework for buildings has been thoroughly revised and enlarged. 
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The revision includes up-to-date specifications and data, and numerous 
photographs and drawings. The material has been rearranged into 
chapter form to make it more convenient for use. Additional chapters 
have been included, such as those on Welding and Industrial Build. 
ings, to cover present-day building design more completely. Complete 
sets of structural plans for a power-house and for a four-storey school 
building are included in the chapters on Industrial Buildings and 
Multi-Story Buildings. For use as a textbook by students, the impor- 
tant feature is the theory on which are based the formule and their 
applications. For use as a reference by designers, the book brings 
together the necessary data, easily accessible, for the complete design 
of structural steelwork for business buildings, and gives enough 
illustrations to guide in the solution of the problems usually encoun- 
tered in practice. 


Hitpaar, H. T., T. G. Marries and F. L. Mryrensere, “ The 


New Management.” 8vo. pp. xxiii + 358 illustrated. 
London, 1938 : Macdonald and Evans. (Price 16s.) 


The varied practical experience associated with the names of the 
authors of this book is in itself a guarantee that it will be of value to 
those interested in methods of increasing industrial efficiency, and a 
study of it confirms that this is the case. The book covers every 
aspect of industry, but important sections deal specifically with the 
iron and steel and engineering industries, and practically the whole 
has a bearing on them. 

The first part of the book is concerned with the principles and 
motives underlying the duties of the manager of any trading organisa- 
tion, and with those aids which have been developed to assist him in 
obtaining the most efficient and profitable results. 

One of the most important of these aids—work and time studies— 
is described in detail. It is shown, with some good examples, how 
both work and time should be divided up into the component opera- 
tions that go to make up the whole, and how these elements should 
be used for time studies, comparison and study of conditions, prin- 
cipally applied to the workpeople. This is of importance, particularly 
in those industries where labour is the principal cost. The results, it 
is suggested, can be used for the planning of work, forecasting delivery 
dates, calculating sale prices, fixing piece-work rates and, above all, 
for increasing output by improving conditions and reducing delays. 

It is a pity that possibilities of production studies, as applied to 
the process and not to the labour employed, are not dealt with in 
greater detail. In the heavy trades improvement in plant efficiency 
frequently reduces cost and increases output to a much greater extent 
than improvement in labour efficiency, and, having regard to the fact 
that some particularly interesting examples of this are given in the 
second part of the book, it would be of advantage if a section devoted 
to this subject were included in the next edition. 

The book goes on to deal with those features of modern production 
methods which can be applied to improving output, both in quantity 
and quality, and reducing costs. Mention is made in particular of 
interchangeability of parts (even when used in different products), of 
mass production, or, where tolerances are too fine to allow of this, of 
selective assembly, and of a uniform and continuous flow of work. 
The value of these for reducing the costs of setting up, manufacture 
and assembly, and losses due to avoidable delays, is stressed. 

The authors also emphasise the value of standardisation, not only 
of products, but also of cost accounting, statistics, control of employees, 
selling, buying, &c., as a means of saving time and effort. They 
suggest that a Book of Standards covering all activities of a firm 
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us should be compiled and used for purposes of reference. This might 
to perhaps lead to the danger of a restriction of that individuality which 
Ts is so necessary for those industries in which the conditions of markets, 
d- both for sales and labour, are continually changing, and more par- 
te ticularly where the production is dependent on fashion and on the 
ol technique of advertising. 

id Some suggestions for detailed and accurate costing are made, and 
r- the value of comparing the actual cost with a carefully determined 
ir standard cost is emphasised. It is certainly a fact that, where this 
Bs method has been adopted, it has always provided a satisfactory means 
mn of keeping a check on costs. 

th A concluding chapter to the first part of the book sums up the 
n- earlier chapters, and contains some useful suggestions for overhauling 


and reconstructing the working of any manufacturing organisation, 
as well as for examining existing conditions, in order to determine 
ve whether such a reconstruction is necessary or profitable. 

1. The second part of the book, occupying nearly a half of it, consists 
of a number of excellent examples of the application of the new methods 
of improving output and control, particularly time-production studies. 


16 These examples are well chosen, clearly explained, and cover a wide 
io range, both in the sphere and in the method of application. It is 
a important that in all except one of these examples, the work of the 
Mi department examined was already proceeding satisfactorily, and 
6 apparently as efficiently as possible. In spite of this, the examination 
le led in each case to an increase in output, and a reduction of cost out 

of all proportion to the cost of making the examination and of the 
d additional plant or equipment found to be necessary. This goes a 
A long way towards discounting the frequently expressed opinion that 
n time studies do not show up anything that the shop manager or fore- 


man could not find out for himself. 

The one exception mentioned above is a case where the auxiliary 
equipment serving an open-hearth melting shop had to be increased 
or improved, since the capacity of the shop itself had been increased. 
The logical way in which this was done, both by discussion between 
the officials concerned and by time studies, is clearly demonstrated. 

The third and final part of the book makes suggestions for a long- 
term policy by which the new management and principles of standard- 
isation could be applied to a wide range of industries, to improve the 
efficiency of the worker and the employer to their mutual benefit. 

The book is a valuable addition to the literature on this subject, 
which up to the present has largely been of Continental and American 


origin. 
K. 8. Lockie. 
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ScuimBoLp, E. “ Spannungsmessung an Werkstiicken.” Heraus- 
gegeben im Auftrage der deutschen Gesellschaft fiir technische 
Réntgenkunde beim deutschen Verband fiir die Material- 
priifungen der Technik von E. Schiebold. (Ergebnisse der 
technischen Réntgenkunde. Herausgegeben von J. Eggert 
und E. Schiebold. Band VI.). 8vo. pp. 216. Illustrated. 
Leipzig, 1938 : Akademische Verlagsgesellschaft m.b.H. (Price 
18.80 RM.) 


In the preface to this volume the editor states that the earlier 
( publications in the series covered more general aspects of the applica- 
, tion of X-rays to engineering problems. In the present work the use 
of X-rays for the determination of the stresses in metallic structures 
is dealt with quantitatively and in relation to already established 
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methods of stress measurement. The application of Réntgen rays to 
engineering and metallurgical problems has proceeded in two direc- 
tions: Radiology for the study of the soundness of castings and welded 
structures, and X-ray diffraction analysis of crystal structure. The 
former development has already found a useful place in industry, but 
the quantitative studies of crystal structure have not progressed far 
beyond the research laboratory. It is the aim of this book to redress 
the balance in this respect, and to show how the atomic structure of 
metals can be made to provide information of value to the technologist 
as distinct from the scientist. There are thirteen chapters in the 
book, each written by one or more experts in the subject dealt with. 
The first, of an introductory nature, is by A. Thum, on the influence 
of external form on strength, a subject that he has made his par- 
ticular study for some years. Thereafter is a chapter on the origin, 
measurement, and effect of internal stresses in metals by E. Siebel. 
Réntgen-ray technique proper is introduced in Chapter 3 by F. Wever. 
Here the principles of stress determination by X-rays are described, 
and followed by a description of the methods and apparatus for 
making the necessary photographic exposures. In the next chapter 
R. Glocker and O. Schaaber treat in detail a comparison of torsional 
elastic moduli determined by mechanical and X-ray methods respec- 
tively. The next chapter is a detailed and valuable description by 
E. Lehr of the methods available for measuring the working stresses, 
both static and dynamic, in machine components, photographs and 
carefully drawn sketches of the apparatus mentioned being included, 
The following two sections, by M. von Schwarz and L. Féppl respec- 
tively, cover the development, principles and practice of photo-elastic 
technique as a means of computing stress. The study of X-ray methods 
is resumed in the next chapter, by M. Widemann, on the patterns 
obtained by the powder process, Laue’s process and the reflection and 
tangential methods of exposure. Examples are given of the applica- 
tions of these methods in controlling the quality of various metal 
products. The ninth chapter, by H. Reininger, is a careful exposition 
of the cause, effect and avoidance of casting stresses, passing reference 
only being made to the use of X-rays in any capacity. The following 
section, by R. Brill and M. Renninger, deals with the detection of 
lattice distortion by X-rays, the source of the distortion being internal 
rather than external. W. G. Burgers and J. J. Ploos van Amstel 
contribute a chapter on the observation of transformation and recrys- 
tallisation phenomena in zircon using the electron camera designed at 
Eindhoven. The two final chapters deal with Laue diagrams, by 
F. Stablein and H. Schlechtweg, and the refraction and mosaic structure 
of single crystals in the wide angle diagram, by H. Seemann, respec- 
tively. That the approach to the problems dealt with is still through 
the research laboratory is evident in a certain lack of cohesion between 
the chapters. This counts against the volume as an introductory text- 
book on the subject of X-ray stress analysis, but the individual 
contributions are of the greatest value. The book is up-to-date, well 
illustrated and indexed, and will summarise for those interested in the 
subject the results of researches in many parts of the world. 


S. L. RosBerton. 
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Chrome Mining at Selukwe, Southern Rhodesia. J. Musgrave. 
(Bulletin of the Institution of Mining and Metallurgy, 1938, Nov., 
No. 410, pp. 1-16). The author gives a survey of the development 
of the production of chromic oxide ores in Rhodesia, where the 
Selukwe mineral belt embraces an area of approximately 396 square 
miles surrounding the village of Selukwe. The exact extent of the 
deposits is not known, but it is believed that great reserves exist. 
Until recently five separate mines were being worked, but at 
present the ore is being produced only at the Railway Block, 
Selukwe Peak and Iron Peak mines. The author describes the 
method of mining, the treatment and the transport to Beira, the 
nearest shipping port 580 miles away. In spite of this long haulage, 
the ore can find markets in competition with supplies from Turkey. 

Coal Resources of the Union of South Africa. (Iron and Coal 
Trades Review, 1938, vol. 137, Sept. 30, pp. 510-511; Oct. 7, 
pp. 545-546). The resources, present practice, current and potential 
developments and markets of the South African coal industry are 
reviewed from the standpoint of national needs and economy. 

A Description of the Iron Ore Industry at Iron Knob and Whyalla. 
R. T. Kleeman. (Proceedings of the Australasian Institute of 
Mining and Metallurgy, 1937, June 30, No. 106, pp. 53-92). After 
surveying the history of the discovery of the iron-ore deposits at 
Iron Knob, Iron Monarch, Iron Prince and Iron Baron in the 
northern part of Eyre’s Peninsula, South Australia, the author 
gives a full description of the methods of working, crushing, convey- 
ing and loading into trucks. He also gives full particulars of the 
33-mile railway track from Iron Knob to Whyalla, the locomotives 
and rolling-stock. At Whyalla, which is the port whence the ore 
is shipped to the Newcastle Steel Works of the Broken Hill 
Proprietary Co., Ltd., there is another crushing plant and storage 
bin, as well as loading jetties and weighing and loading machinery. 
Until the establishment of the iron and steel industry, the ore was 
used only as a flux for lead smelting. The first shipments of ore 
were delivered at Newcastle in 1915, and since then approximately 
10,000,000 tons have been shipped to that centre and 1,600,000 tons 
have been shipped to Australian Iron and Steel, Ltd., Port 
Kembla. The ore outcrops consist almost entirely of clean, high- 
grade hematite and occasional patches of magnetite. The iron 
content varies between 56 and 70%. All the deposits are quarried 
from the surface, and at Iron Monarch two electric shovels, each 
having a dipper capacity of 4 cu. yd., are used. 











T6A MINERAL RESOURCES. 


The Coal Seams of La Vendée. G. Vid. (Génie Civil, 1938, 
vol. 113, Oct. 15, pp. 326-328). The author gives a description of 
the geological formation of the La Vendée district south of Nantes. 
The only mine now in production is at Faymoreau, where about 
50,000 tons of coal per annum are raised. 

The Iron Ores and Smelting Industry of Ostmark. R. Walzel. 
(Montanistische Rundschau, 1938, vol. 30, Oct. 31). The author, 
in a brief review of the iron industry of Ostmark, states that the 
estimated reserves of iron ore amount to 400,000,000 tons, and that 
up to August, 1938, the monthly production of pig iron was 53,000 
tons, a figure which would be increased in the near future. The 
steel production has been increased to 66,000 tons per month. 

Mineral Deposits of the Southern Ukraine and of the Ural 
Mountains. E. L. Bruce. (Canadian Mining and Metallurgical 
Bulletin, 1938, Nov., No. 319, pp. 505-523). In Part I. of this 
paper the author describes the mineral-bearing strata of the Ukraine 
with particular reference to the iron ores of Krivoi Rog, the 
manganese ores of Nikopol and the coal of the Donetz basin; 90% 
of the ores of the Krivoi Rog district consist of martite ores contain- 
ing approximately 62% of iron. There were said to be 25 mines 
working in this district in 1937. The total planned annual pro- 
duction of these mines amounts to 24,000,000 tons. In Part II. 
the author describes the deposits in the Ural mountains, which are 
very rich in minerals. The total iron-ore production of Magnitogorsk 
is said to be 6,000,000 tons per annum, and the deposit is estimated 
to have reserves adequate for 40 years’ production at that rate. 
Four blast-furnaces are now working at Magnitogorsk, with an 
annual capacity of 1,400,000 tons of pig iron. 

Subsurface Geology and Oil and Gas Resources of Osage County, 
Oklahoma. K. W. Bass, L. E. Kennedy, W. R. Dillard, O. Leatherock 
and J. H. Hengst. (United States Geological Survey, 1938, 
Bulletin 900—-A, pp. 1-45). 

Geology and Mineral Resources of the Honeybrook and Phoenix- 
ville Quadrangles, Pennsylvania. F. Bascom and G. W. Stose. 
(United States Geological Survey, 1938, Bulletin 891). 

The Coal Resources of Iraq. G. Petunnikov. (Montanistische 
Rundschau, 1938, vol. 30, Oct. 16, pp. 1-6). The author describes 
the geographical position and methods used to work the coal seams 
of Iraq, stating that the production in the year 1937 amounted to 
20,000 tons. 
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The Sintering Process and Some Recent Developments. J. E. 
Greenawalt, (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 963; Metals Technology, 
1938, vol. 5, Sept.). The author discusses the general principles of 
sintering, and describes some recent improvements and mechanical 
developments of sintering plant. In describing the essentials of the 
process, the author states that every square inch of the charge should 
be evenly and fully ignited, which can best be done with a clean, 
high-temperature and highly oxidising flame applied instantaneously 
over the whole of the surface. Oil fuel, natural gas or coke-oven 
gas are better than blast-furnace or producer gas. He describes 
asuction method that he employed for sintering fine red hematite ore 
which was very successful. Details of plant and equipment which 
are described and illustrated include an ignition hood with two 
burners for use with either oil or gas, an automatic self-cleaning 
grate and a “ fluffing ’’ machine for putting the charge on the grate 
in layers according to size. The author is of the opinion that before 
long all fines from ores will be converted into self-fluxing sinter, 
and he believes that in the more distant future all ores will be sintered 
before being charged into the blast-furnace. 

The Concentration of the Minerals of Lorraine. M. Boileau. 
(Chimie et Industrie, 1938, vol. 40, Oct., pp. 631-637). After 
describing the geological formation of the ores of Lorraine and con- 
sidering the methods of ore preparation adopted in other countries, 
the author discusses the methods that have been tried out on the 
Lorraine ore, and comes to the conclusion that the treatment which 
promises to be the most successful would consist of drying in a kiln, 
crushing, and then using a magnetic separator of high intensity. 
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(Continued from pp. 1 A—4 A) 


A Relationship Between the Composition and Refractoriness- 
under-Load of Commercial Chrome-Magnesite Bricks. A. E. Dodd. 
(Transactions of the Ceramic Society, 1938, vol. 37, Oct., pp. 427- 
432). The author refers to the tendency during the last three years 
to replace magnesite and chrome bricks used in open-hearth furnaces 
with chrome-magnesite bricks. This composite brick combines 
several of the advantages of each type and has a high refractoriness- 
under-load. He reproduces a table showing the results of refractori- 
ness-under-load tests and the chemical analyses of 36 different 
samples of this type of brick. From these data he shows that there 
is a general relationship between these two factors, and deduces 
that for maximum high-temperature strength the alumina content 
must not exceed about 8%, that the chromic oxide and magnesia 
should be present in about equal proportions, that variations from 
3% to 9% in the silica content and from 10% to 20% in the iron 
oxide content appear to have very little effect on the refractoriness- 
under-load, and that the magnesia can be partially replaced by lime 
without materially affecting this property. 

A Further Note on the Refractoriness-under-Load of Chrome- 
Magnesite Bricks. A. E. Dodd. (Transactions of the Ceramic 
Society, 1938, vol. 37, Oct., pp. 436-440). As the results of refractori- 
ness-under-load tests on composite chrome-magnesite bricks 
discussed in a previous paper (see previous abstract) showed that 
some subsidence occurred at temperatures below 1600°C., the 
author undertook further tests in which samples were subjected to 
a load of 50 Ib. per sq. in. at 1500° C. for periods up to 5 hr. These 
tests form the subject of the present paper. The tabulated results 
indicate that the bricks underwent considerable subsidence at 
temperatures 200° C. or more below their temperature of failure 
in the standard refractoriness-under-load test, and no direct 
relationship was found between the results of the standard test and 
the contraction exhibited after 5 hr. heating at 1500° C. under the 
same load (50 lb. per sq. in.). The author considers that further 
maintained-temperature tests are necessary in order to classify these 
bricks according to their ability to withstand the high-temperature 
stresses imposed in the sprung roofs of basic open-hearth furnaces. 

The Effect of Burning Temperature and Grain Size on the Porosity 
of Refractory Bricks. A. Kanz. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, Nov., pp. 247-251). From his investigations of the 
porosity of ordinary and special quality refractory bricks, the author 
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found that with the former the porosity increased as the temperature 
at which the bricks were burnt was raised. He also found that 
there was often a difference in the porosity of bricks of the same 
make, and this was due to differences in the grain size of the raw 
material. It is therefore possible to change the physical properties 
of a refractory brick to a considerable degree by changing the grain 
size or the proportion in which the different grain sizes are mixed. 

Causes of the Excessive Wear of the Linings of the Shafts of 
Blast-Furnaces and Methods of Increasing Their Resistance. N. 
Shtraus. (Stal, 1938, No. 5, pp. 10-15). (In Russian). A general 
discussion of the problem of the wear of blast-furnace linings with 
brief reference to experience in Russian works leads the author to 
the conclusion that the chief causes of excessive wear are the irregular 
distribution of the materials constituting the charge, the incorrect 
depth of the charge, some unsatisfactory structural details, the 
quality of the materials used and the excessive variations in operating 
conditions occurring from shift to shift. He suggests means of 
overcoming these difficulties. 

Silica Refractories for Cupola Service. W. J. Rees. (Transac- 
tions of the American Foundrymen’s Association, 1938, vol. 46, 
Dec., pp. 393-404). The author gives a general description of the 
refractories used in Great Britain for lining cupolas and the methods 
of preparing and applying them. The concluding part of his paper 
is devoted to the testing of cupola ganister. An interesting test 
is one which can be employed in a cupola fitted with a continuous 
tapping device. With this type of cupola, after the first tap is 
made, the cupola well is soon filled with slag only. The ganister 
to be tested is formed into two panels 6 in. square by 1 in. thick, 
backed with thin firebrick tile, and placed in positions directly 
opposite each other in the well. In this position they are in contact 
with molten slag for the duration of the run, which is about 7 hr. 
Half the difference in the distances between the two panels measured 
before and after the run is the measurement of the erosion. 

Practical Application of Hot-Face Insulating Bricks. J. W. 
Jackson. (Metallurgia, 1938, vol. 18, Oct., pp. 206-208). The 
author discusses the use of hot-face refractory bricks which have 
a low heat-absorption capacity, and comments on the economies 
which can be effected by their use. He shows that furnaces and 
stoves lined with such bricks take less time to heat up and cool 
down, and that the walls need not be so thick as is the case when 
insulating backing-bricks are used. 
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(Continued from pp. 5 a—9 A) 


Temperature Uniformity in Combustion Chambers. M. H. 
Mawhinney. (Industrial Heating, 1938, vol. 5, Oct., pp. 906-913). 
In a previous article (see Journ. I. and §.I., 1937, No. L., p. 44) 
the author discussed the factors influencing the design of the com- 
bustion chamber of an industrial furnace, and in this article he goes 
on to discuss the necessary relation between the width, length and 
height of the furnace to obtain a volume which will ensure a heat 
liberation of 7-10 B.Th.U. per cu. ft. 

Temperature and Combustion Rates in Fuel-Beds. M. A. Mayers. 
(Transactions of the American Society of Mechanical Engineers, 
1937, vol. 59, pp. 279-288). After referring to some experimental 
methods for determining the characteristics of fuels in underfeed 
combustion, the author states that there have been no theoretical 
investigations of the problem. In this paper he presents a mathe- 
matical discussion of these characteristics, and shows that his 
conclusions conform in a great measure with the experimental 
determinations. 

A Study of the Chemistry and Petrography of some Coal Seams 
of the Campine Basin. A. Duparque and J. Massinon. (Annales 
des Mines de Belgique, 1938, vol. 39, pp. 272-334). 

Testing a Theory of Washing. A. Terra. (Revue de |’Industrie 
Minérale, Mémoires, 1938, Nov. 1, No. 425, pp. 383-403). Having 
regard to the importance of the efficiency of a coal-washing plant to 
a colliery, the author in this mathematical discussion develops a 
theory from the application of dispersion curves (in which the 
“carry-over ”’ as a percentage of the coal charged is plotted against 
the specific gravity) by means of which the efficiency of a washing 
plant can be determined. 

New Coke Ovens and By-Product Plant at Mitchell Main Colliery. 
(Iron and Coal Trades Review, 1938, vol. 137, Oct. 28, pp. 692-694). 
A description is given, with numerous illustrations, of the battery 
of 20 Simon-Carves Otto twin-flue underjet regenerative coke- 
ovens and by-product plant recently put in operation at Mitchell 
Main Colliery, South Yorkshire. The ovens are 13 ft. 3 in. high by 
18 in. wide by 38 ft. 5 in. long, and they carbonise a charge of 
approximately 15 tons of dry coal per oven in 18 hr. 

The Savona Coking Plant. R. Sansone. (Coal Carbonisation, 
1938, vol. 4, Dec., pp. 184-189). A description is given of the coke- 
oven and by-product plant erected near Savona, for Cokitalia, a 
new company formed by Societa Italiana del Gas and Societa Monte- 
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catini. Three batteries of Otto compound ovens, each consisting of 
37 units were put into service in 1937, and other batteries were 
added later. The dimensions of the ovens are: Length 41 ft. 7 in., 
mean width 19} in., height 13 ft. 6 in., taper 24 in., and 43 in. between 
oven centres. Each oven can take a charge of 20 tons of coal, which 
is normally carbonised in 24 hr. In full operation the plant is 
capable of carbonising 800 tons of coal per day to produce 550 tons 
of coke and 8,474,400 cu. ft. of gas. The entire make of gas, after 
the separation of the ammonia and benzol, is sent to the contiguous 
nitrogen works of Societa Montecatini, where the hydrogen is 
extracted, the remaining mixture being returned to the coking 
plant for heating and power purposes. 

Dry Dust Remover Designed by Verkhoturov for the Removal of 
Dust from Blast-Furnace Gas. V. Panteleev. (Stal, 1938, No. 5, 
pp. 21-29). (In Russian). The design of the dust remover, which 
is of the rotary cyclone type, is described in detail, and a number of 
diagrammatic illustrations are given together with some data regard- 
ing operating costs. The separator is placed immediately following 
the dry scrubber. It is designed to remove about 40% of the dust 
from the gas coming from the dry scrubber, and will deal with a 
maximum particle size of 217 microns, whilst the minimum particle 
size removed is 5 microns or less, depending on the specific gravity. 
After leaving the dust remover, the gas will have a dust content of 
only 0-2-0-3 g. per cu. m. 

The Utilisation of Blast-Furnace Gas for the Burning of Blast- 
Furnace and Steel Works Lime. K. Guthmann. (Stahl und Eisen, 
1938, vol. 58, Nov. 17, pp. 1305-1317). The smelting of low-grade 
German ores has increased the quantity of blast-furnace gas available, 
and the author in this paper discusses the application of this surplus 
gas for the heating of kilns in which lime can be burnt and prepared 
for use in the blast-furnaces and steel furnaces. There is also less 
sulphur in lime burnt by means of blast-furnace gas, so that this is 
a distinct advantage when the lime is used to flux these low-grade 
ores, which are high in sulphur. He also discusses the roasting of 
iron ores in kilns fired by blast-furnace gas which are adjacent to the 
blast-furnace instead of at the iron mines. 
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Recent Progress in Pig Irons and Smelting. G. Thévenin. 
(Mémoires de la Société des Ingénieurs Civils de France, 1938, 
vol. 91, Mar.—Apr., pp. 164-188). The author describes the recent 
improvements in blast-furnace design and practice which have been 
made in France, Germany and England. He is of the opinion that 
the blast-furnace has now reached its peak of efficiency, but there is 
still room for improving the mechanical methods of preparing the 
charge and the treatment of the pig iron in the liquid state. 

Hot-Blast Stoves. J. P. Dovel. (Steel, 1938, vol. 103, Oct. 24, 
pp. 43-44). The author gives brief particulars of a recuperator for 
use in conjunction with hot-blast stoves in a blast-furnace plant. 

Fundamental Considerations for Making Comparative Cost 
Calculations Respecting the Smelting of Home-Produced Low-Grade 
Ores. F. Wesemann. (Archiv fiir das Eisenhiittenwesen, 1938, 
vol. 12, Nov., pp. 223-232). 

Preliminary Data on the Use of Agglomerate in the No. 4 Blast- 
Furnace of “ Stalin’? Kuznetskiy Works. B. Zherebin and N. 
Kratenko. (Stal, 1938, No. 5, pp. 16-21). (In Russian). The 
authors present data showing that the physical properties of the 
agglomerate have a decisive effect on its successful use in the blast- 
furnace. The best type was found to be a lightly fused ferrous-oxide 
agglomerate containing up to 25°% of ferrous oxide. The addition 
of agglomerate to the charge should be gradual, as a rapid increase 
of the relative agglomerate content of the charge is harmful, because 
the operating conditions cannot adapt themselves quickly to 
such a sudden change. 

A Contribution on the Desulphurisation of Pig Iron. W. Oelsen. 
(Stahl und Eisen, 1938, vol. 58, Nov. 3, pp. 1212-1217). The author 
commences his paper with a brief review of the principles of the 
desulphurising process using soda and sodium silicates, and discusses 
briefly the effects of silica in the slag and silicon in the pig iron, as well 
as the beneficial effect of lime on this process. He shows that it is 
essential for the lime to be in the molten state while the desulphuris- 
ation proceeds. He turns next to the effect of the manganese, and 
shows that this is beneficial, because even a small quantity of 
manganese will convert most of the iron sulphide dissolved in the 
desulphurising slag into manganese sulphide, and will thus reduce 
the final sulphur content of the iron. Sulphur removal by means of 
potassium carbonate and the carbonates of calcium, barium and 
strontium, and also the fluxing qualities of limestone and quick- 
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lime, are considered next. In this connection the author shows that 
soda is an excellent flux for limestone, but not for quicklime. In 
this case the object should be to form the double-carbonate 
Na,Ca(CO3)., which melts at 813° C., before the decomposition of 
the limestone. This double carbonate has an excellent desulphuris- 
ing effect. The author concludes by showing that if sufficient 
quantities of the highly basic slags from the basic Bessemer and 
basic open-hearth processes are available, they can be used to treat 
the pig iron, on which they will have not only a strong desulphuris- 
ing effect, but of which they will also reduce the silicon content. 

Some Problems for German Metallurgy, their National and 
International Importance. E. Houdremont. (Stahl und Eisen, 
1938, vol. 58, Nov. 3, pp. 1185-1199). In discussing the problems 
confronting the German iron-producing industry in its efforts to 
fulfil the four-year plan, the author shows that whilst these are 
primarily of importance to Germany, their influence is also inter- 
national. In this respect he quotes the acid process of reducing 
low-grade and high-silica ores with subsequent soda-desulphurisation 
of the iron as being one of the processes which is of great interest 
in several countries. He discusses at length the occurrence and 
preparation of iron ores in Germany, the need of alloying elements 
with particular reference to manganese and vanadium, and the 
manufacture in Germany of alloy steels for structural purposes as 
well as for cutting tools. The economic aspects of the German iron 
and steel industry in relation to world economy receive consideration 
in the concluding part of this paper. 

Early Development of Iron-Founding in England. R. Jenkins. 
(Newcomen Society, Nov. 9, 1938: Foundry Trade Journal, 
1938, vol. 59, Nov. 24, pp. 389-391; Dec. 1, pp. 405-406). 
Ironfounding in England. (Engineer, 1938, vol. 166, Nov. 25, pp. 
599-602). The author reviews the history of the development of 
iron-founding in England from the earliest references up to the middle 
of the eighteenth century. He describes in particular the methods 
used in the seventeenth century to mould and cast guns. 

The South Yorkshire Iron Industry 1698-1756. A. Raistrick. 
(Newcomen Society, Dec. 14, 1938). There has recently come to 
light a collection of annual summaries of accounts relating to 10 
furnaces, 14 forges and 5 slitting mills, all belonging to some 
branch of the Spencer family in the Sheffield district. These cover 
the period from 1696 to 1757, and from them the author presents 
a story of the iron trade as it was then carried on in South York- 
shire. 
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(Continued from pp. 13 a—15 a) 


A General Engineering Foundry. F. Whitehouse. (Foundry 
Trade Journal, 1938, vol. 59, Nov. 3, pp. 321-323 ; Nov. 10, pp. 351- 
353). In this descriptive article the author discusses the moulding 
practice at a general engineering foundry where green sand, 
dry sand and loam are employed. 

Use of Manganese Ore in the Cupola. B. Rameseshiah. (Foundry 
Trade Journal, 1938, vol. 59, Nov. 17, p. 376). The author describes 
a series of experiments undertaken to determine in India whether 
the manganese content of the molten iron from the cupola could be 
increased by adding manganese ore instead of the much more costly 
ferro-manganese to the charge. In the experiments a number of 
different methods of adding the ore were tried, and the most 
satisfactory was found to be that of arranging in the cupola alternate 
layers of the ore in small lumps and of coke breeze. The 
quantity of ore was adjusted so as to allow for the loss 
of about 30% of the manganese in the cupola. The amount of 
manganese picked up by the iron tapped was 0-54%. By using 
pig iron containing 0-45% of manganese, it was thus possible to 
obtain a molten metal containing 0-99°/, of manganese by adding 
70 lb. of manganese ore (containing iron 22-5% and manganese 
34:3%) per ton of iron charged. It was estimated that the saving 
in cost as compared with the use of ferro-manganese amounted to 
3 rupees per ton. 

Foundry Technique. G. Hénon. (Mémoires de la Société des 
Ingénieurs Civils de France, 1938, vol. 91, Mar.—Apr., pp. 189-200). 
The author describes some methods of preparing moulding sand and 
some French and German moulding machines. 

New and Practical Moulding-Sand Economy. C. W. Pfannen- 
schmidt. (Giesserei, 1938, vol. 25, Oct. 21, pp. 533-539). The author 
discusses the properties of a number of German moulding sands, 
describes the laboratory research which resulted in the production 
of a satisfactory sand by preparing and mixing sands with poor 
moulding properties, and shows that the successful results obtained 
in the foundry fully confirmed the results of the laboratory tests. 

A Study of Steel Molding Sands. H. W. Dietert, E. E. Woodliff 
and J. A. Schuch. (Transactions of the American Foundrymen’s 
Association, 1938, vol. 46, pp. 257-276). The authors collected 
and tested 33 samples of sands used by American steel foundries, 
and also obtained data concerning their properties from the replies 
to a questionnaire. The data are presented in tabular form. They 
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comment on the relation between the sintering temperature of the 
sand used by the different foundries and defects in the castings 
produced, and show that the castings made in the sands having the 
highest sintering temperatures had the least number of defects. 
In the authors’ opinion the sintering temperature of the moulding 
sand should be above 2600° F. 

Principles of Gating and Feeding. A. M. Campbell. (Institute 
of British Foundrymen: Foundry Trade Journal, 1938, vol. 59, 
Nov. 17, pp. 367-368 ; Nov. 24, pp. 383-384). The author discusses 
the correct size and shape of gates, risers and sprays to use for 
casting pump impellors, valve bodies and pump casings, giving 
several examples taken from his own practical experience. 

Facings in the Modern Foundry. H. Winterton. (Institute of 
British Foundrymen: Foundry Trade Journal, 1938, vol. 59, 
Nov. 17, pp. 371-372). In discussing the use of plumbago, patent 
blackings and coal dust for facing moulds, the author shows that it 
is impossible to formulate any rules to guide the foundryman as 
to what to use, because of the different properties of different mould- 
ing sands and the varying conditions of castings. He comments 
on the need for standards of grain size in order to define such terms 
as ‘‘superfine”’ “fine medium” and ‘‘ medium coarse,” and 
concludes by stating that the secret of successful facings is the 
blending of certain refractories in such a way as to meet the variable 
requirements of different foundries, different castings and different 
temperatures. 

Chilled Iron and Other Rolls. A. Allison. (Institute of British 
Foundrymen: Foundry Trade Journal, 1938, vol. 59, Nov. 17, pp. 
369-370). After briefly reviewing the history of the production 
of chilled rolls, the author discusses modern practice, and compares 
the casting technique for and properties of low-carbon rolls, iron- 
alloy rolls and hardened steel rolls. The author believes that for 
many mills the heat-treated alloy roll will gradually replace the 
plain chilled or semi-chilled roll for rolling flats and sections. 

The Metallurgical Story of the Ford Centrifugally-Cast Steel Gears. 
E. F. Cone. (Metals and Alloys, 1938, vol. 9, Oct., pp. 275-279). 
The author describes the centrifugal process of casting gear blanks 
introduced by the Ford Co. to take the place of the forging process. 
The advantages claimed for the centrifugal casting process are that 
less metal is used, less machining is required and that the quality of 
the product is more uniform. 

Factors Influencing Annealing Malleable Iron. A. L. Boegehold. 
(Transactions of the American Foundrymen’s Association, 1938, 
vol. 46, pp. 449-481). The author describes a series of tests 
made on sections from a small and a large malleable-iron casting 
with the object of determining the shortest practical annealing cycle. 
The iron contained carbon 2-70-2-75%, silicon 1-15-1-20%, man- 
ganese ()-38-0-42%, phosphorus about 0-05%, and sulphur 0-09- 
011%. The author arrived at the following conclusions: (1) The 
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generally accepted idea that large temper-carbon spots are invariably 
associated with heavy sections is not always correct. If the casting 
is heated to the primary graphitisation temperature sufficiently 
slowly, the temper-carbon spots in a heavy section may be as small 
and numerous as are those in a light section. (2) The time required 
for the first stage of graphitisation increases as the distance between 
the temper-carbon spots increases. (3) If the temperature is raised 
rapidly to that necessary for first-stage graphitisation, fewer and 
larger temper-carbon spots will be formed than if the temperature 
is raised slowly. (4) The temperature range in which «-iron, y-iron 
and cementite exist simultaneously when the casting is heated at 
100° F. per hr. is approximately 1425-1525° F. (5) Complete 
elimination of the pearlite in the second stage of annealing may be 
accomplished at 1360° F. (6) In the second stage of annealing by 
cooling from 1360° F. at 15° F. per hr. the annealing is incomplete 
and 0-10-0-12% of carbon remains in the combined form. (7) The Ar, 
metastable point of the iron tested was found to be at about 1325° F. 
when cooling at 3° F. per hr., and at about 1312° F. when cooling at 
15° F. per hr. (8) The primary graphitisation of light sections at 
1700° F. after heating slowly to that temperature is completed in 
1 hr., whilst 5 hr. are required for heavy sections; after heating 
rapidly the times required are 4 hr. and 25 hr. for light and heavy 
sections, respectively. (9) The second stage of graphitisation is 
apparently uninfluenced by the size and distribution of the carbide 
eutectic and austenitic areas in the cast structure. The pearlite 
decomposition proceeds at the same rate in light and heavy sections. 
(10) There is evidence in support of the theory that graphitisation 
proceeds most rapidly from the solid solution and that the temper- 
carbon precipitates directly from the solid solution without migrating 
through the ferrite. 

Some Defects of Iron Castings. J. L. Smith, jun. (Institute of 
British Foundrymen: Foundry Trade Journal, 1938, vol. 59, 
Nov. 24, p. 385). The author discusses the causes and methods 
of preventing external defects, internal defects and cracks in castings. 
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(Continued from pp. 16 A—17 A) 


Some Developments in Engineering Practice Relative to the Steel 
Industry. A. Roebuck. (Proceedings of the Institution of Mechani- 
cal Engineers, 1938, vol. 139, pp. 531-538). The author gives brief 
descriptions of some modern machinery and processes which are 
representative of the many recent developments in the steel industry. 
These include the application of a waste-heat recovery plant to the 
open-hearth furnace, electric arc furnaces up to 30 tons capacity, 
machines for removing surface defects from steel ingots, mechanised 
plant in the foundry, the use of synthetic bonded wheels for high- 
speed grinding, machinery for handling and machining forgings up 
to 250 tons in weight, and lighting systems in works. 

100 Years Development of Great Sheffield Steel Works. (British 
Steelmaker, 1938, vol. 4, Nov., pp. 383-386). An historical survey 
is given of the progress of the two Sheffield concerns of Thomas 
Firth and Sons, founded in 1842, and John Brown, founded in 1837, 
which were later to merge and become Thos. Firth and John 
Brown, Ltd. 

New Jarrow Industries. (Engineer, 1938, vol. 166, Nov. 4, 
pp. 490-493). A second and more detailed description of the works 
of Jarrow Metal Industries, Ltd., and Jarrow Tube Works, Ltd., 
accompanied by numerous illustrations, is given in this article. 
(See Journ. I. and §.I., 1938, No. I., p. 233 a). 

Kembla’s New 175-Ton Steel Furnace. R. Knight. (Broken 
Hill Proprietary Review, 1938, vol. 15, Oct., pp. 10-11). The 
author gives a detailed description of the 175-ton basic open-hearth 
steel furnace which has just been completed at the Kembla Works of 
Australian Iron and Steel, Ltd. This furnace brings the ingot 
capacity of the works up to 500,000 tons per annum. 

Steel Works and Rolling Mills of the Great Lakes Steel Cor- 
poration. (Iron and Coal Trades Review, 1938, vol. 137, Nov. 25, 
pp. 885-889). A description is given with numerous photographs 
of the blast-furnaces, steel furnaces, rolling mills and finishing 
department of the Great Lakes Steel Corporation, Ecorse, Michigan. 
The additions to these works during the last three years comprise 
two soaking-pits for the existing furnaces, the 96-in. hot- and cold- 
strip mills, and four 150-ton open-hearth furnaces with four 
additional soaking-pits. These extensions bring the total open- 
hearth furnace capacity up to 1,250,000 tons of steel per annum. 

The Canadian and American Iron and Steel Industry. (Iron and 
Steel Industry, 1938, vol. 12, Oct. 29, pp. 89-153). Brief descriptions 
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with illustrations are given of some of the important iron and steel 
works and rolling mills of Canada and America. 

The Deoxidation of Basic Bessemer Steel with Basic Pig Iron. 
O. Scheiblich. (Stahl und Eisen, 1938, vol. 58, Nov. 10, pp. 1293- 
1295). The author describes some full-scale experiments on the 
deoxidation of basic Bessemer steel in the converter by means of 
additions of molten basic pig iron which showed that not only was 
the quality of the steel improved, but that there was also a saving 
in the quantities of the scrap, ferro-manganese and spiegel added to 
the charge. 

Devices for the Removal of the Products of Combustion from 
Open-Hearth Furnaces. I. Semikin and L. Segan. (Stal, 1938, 
No. 5, pp. 30-35). (In Russian). The authors discuss the character- 
istics of the methods used to provide the draught necessary for the 
removal of the products of combustion from open-hearth furnaces. 
The ordinary chimney, the indirect- and direct-acting forced-draught 
flue and the direct-acting forced-draught flue combined with a boiler 
to utilise the waste-heat of the gases are discussed. The latter is 
regarded as being the most advantageous and reliable. Each furnace 
should be provided with two such boiler equipments, one being in 
reserve. Finally a scheme is suggested for the centralisation of the 
draught system of a number of open-hearth furnaces which could 
thus be combined with a central waste-heat boiler plant. 

Investigation of the Melting Process in a 300-Ton Open-Hearth 
Furnace. L. Vladimirov and G. Bezkhmenl’nitskaya. (Stal, 1938, 
No. 5, pp. 35-41). (In Russian). Statistical data on the operation 
of a 300-ton open-hearth furnace at the Kuznetskiy works are 
presented and discussed. Owing to inadequate charging equipment, 
charging takes a comparatively long time (80-120 min.). The 
heating-up period (the time between the completion of the charging 
and the addition of the molten pig iron) varied between the compara- 
tively wide limits of 1 hr. and 4} hr., but was generally 2-24 hr. 
The melting period (the time from the addition of the pig iron to the 
commencement of boiling) was generally between 6 and 8 hr., but in 
some cases periods of 4 and 11 hr. were recorded. Boiling took 2-3 
hr. (up to 4 hr. in some cases), the carbon generally being removed 
at the rate of 0-0014-0-0028% per min. The results of the investiga- 
tion showed that both the efficiency of the furnace as regards output 
and the quality of the metal were better when the rate of carbon 
removal was high. In conclusion, a general summary of the outputs 
and operating periods during the investigation is given. 

Electrochemical Theory of Slag/Metal Equilibria. P. Herasy- 
menko. (Transactions of the Faraday Society, 1938, vol. 34, Nov., 
pp. 1245-1257). The author, having a large amount of experimental 
data available on the course of open-hearth heats, attempts to 
develop a general theory of slag/metal equilibria based on electro- 
chemical principles. In Part I. he presents the results obtained for 
the reactions in which manganese and silicon take part, and he finds 
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that the following empirical constants apply with sufficient accuracy 
for practical steelmaking in the acid open-hearth furnace : 





FeO)[Mn 
K's = (FeO)?.[Si] 
K’... — (Mino)? [Si] 
SiMn —— [Mn]? 


These constants can be employed for the calculation of the content of 
some constituents in the steel or slag in the period of a heat when 
the bath is boiling moderately and the total amount of slag is not 
excessively high. Part II. deals with the reactions of chromium in 
the acid open-hearth furnace; on applying the electro-chemical 
principles developed in Part I. of this investigation the relative 
activity coefficient of chromium in liquid steel is found to be equal 
to the equilibrium constant : 


(CrO)[Mn} 
(Mn0)[Cr] 


The author shows that a parallelism exists between the vapour 
pressure of elements and the relative electrochemical activity 
coefficients of these elements dissolved in liquid iron. 

Control of Open-Hearth Slags? (Blast Furnace and Steel Plant, 
1938, vol. 26, Oct., pp. 991-994, 1037). In this article an account 
is given by an open-hearth operator of what happened when the 
endeavour was made to put various theories regarding slag control 
into practice. The technique described includes the raising of the 
ferrous-oxide content of the slag by adding mill scale, and estimating 
the silica content by measuring the slag viscosity and by examining 
“pancakes” of slag. It was found advantageous to make spot 
analyses of the silica in the slag using a small muffle furnace, for in 
this way the result was obtained sufficiently early to enable the 
smelter to correct the refining process before the charge was ready 
for tapping. 

Modern Electric Arc Furnaces. A. Karsten. (Industrial Chemist, 
1938, vol. 14, Sept., pp. 349-351, 369). The author describes some 
modern electric furnaces used for making special steels and ferrous 
alloys, giving brief particulars of their capacities and current 
consumptions, and describing the methods of holding and adjusting 
the electrodes. 

The Melting of Tool Steel in Electric Furnaces. M. E. Ivanov and 
A. P. Efimov. (Kachestvennaya Stal, 1937, No. 12, pp. 43-45). 
(In Russian). The experience obtained with some heats of tool steels, 
some of which contained small additions of chromium, tungsten and 
vanadium, is summarised. The object of the investigation was a 
general speeding-up of all the stages of the melting process. After 
the removal of the oxidising slag, the metal was covered with a slag 


K. MnCr = 
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mixture consisting of 20-25 parts of lime to 4-5 parts of fluorspar. 
After 15 minutes a further addition was made to the molten slag ; 
this consisted of 15-20 shovelfuls of mixed fine lime and electrode 
scrap in equal proportions. The metal was kept under the slag for 
15-20 min. It was then stirred, a sample was taken for analysis, and a 
further 7-8 shovelfuls of the lime-carbon mixture were added. In 
view of the high reducing power of the carbide slag, complete 
deoxidation of the metal under it could be achieved in 40-45 min., 
deoxidation being completed by not more than 30 kg. of 45% ferro- 
silicon and 4-5 kg. of aluminium per 11 tons. In addition to 
accelerating the melting process and consequently increasing the 
output capacity of the furnace, the method is claimed to improve the 
quality of the metal with respect to its sensitivity to quenching and 
at the same time it results in the production of a fine-grained metal 
with a reduced number of non-metallic inclusions. 

New Method of Using Carbon Electrodes. A. F. Myrtsymov and 
V. D. Oshchepkov. (Kachestvennaya Stal, 1937, No. 12, pp. 13-17), 
(In Russian). To remedy the high consumption of carbon elec- 
trodes in arc furnaces caused by the overheating of the electrodes, 
water-cooled, hollow iron holders were developed, into which the 
carbon electrodes were screwed. The design of these electrodes and 
holders is discussed as well as the experience gained in their operation. 
These electrodes were fitted to four 8-ton furnaces rated at 2800 and 
3000 kVA. The outstanding feature was the reduction in the 
electrode consumption, which dropped from 38-9—26-5 kg. per ton to 
18-15 kg. per ton. It was found that there was no increase in the 
consumption of electrical energy when using these water-cooled 
electrodes as compared with plain carbon electrodes operated at 
high current densities. The use of these electrodes also facilitated 
the making of air-tight joints round the electrodes and prolonged the 
life of the furnace roofs. The exit temperature of the cooling water 
should be kept at about 40° C. 

Heat Transfer. C.H. Vom Baur. (Steel, 1938, vol. 103, Oct. 31, 
pp. 40-41, 62). The author discusses the electric power consumption 
of a 2-3-ton Héroult electric furnace working at 110 V. per phase, and 
by referring to the power-consumption curves he demonstrates by a 
practical example the theory that there is a critical point in the 
current input above which the rate of melting is not increased. This 
critical point is governed by the thermal conductivity of the charge. 
In the example cited, mechanical stops were fitted to the three heat- 
regulating rheostats, and these cut out the highest quarter of their 
range. The results showed that it was much more economical to run 
the furnace with an input of 5000-6220 amp. than at 8000- 
10,000 amp. 

Comparison of Basic and Acid Ball-Bearing and Carbon Tool Steel 
Melted in an Electric Furnace. S. N. Belorusov. (Kachestvennaya 
Stal, 1937, No. 9, pp. 47-50). (In Russian). The author examines 
the effects of acid electric-furnace melting on the properties of the 
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scrap carbon steel and ball-bearing steel remelted in them. Examina- 
tion of the steels, with particular reference to grain size, the non- 
metallic inclusions and the porosity, showed the superiority of the 
acid over the basic process for remelting these steels. 

Cast-Iron Moulds for Steel Ingots. B. Sheynin. (Stal, 1938, 
No. 5, pp. 42-47). (In Russian). The author commences with a 
summary of foreign experience respecting ingot moulds, and con- 
tinues with a discussion on the composition of the cast iron and the 
effect of individual elements such as phosphorus, carbon, silicon, 
sulphur, manganese, nickel, chromium and molybdenum, the casting 
conditions and the influence of the structure of the iron on the life of 
the moulds. Referring to the operating conditions affecting the life 
of the mould, the author deals with the technique of teeming, the 
temperature of teeming, the time during which the ingots are 
allowed to remain in the moulds, the effect of the ratio of the ingot 
weight to the mould-wall thickness, the effect of the temperature of 
the moulds before teeming and the methods of dressing the moulds. 
In conclusion, he refers briefly to steel moulds. 

Freezing of Rimmed Steel. H. D. Hibbard. (Iron Age, 1938, 
vol. 142, Oct. 13, pp. 69-76). The author describes the occurrence 
of gas holes in a rimming-steel ingot measuring 30 in. x 12 in. x 
4 ft., showing that the outer or skin holes contain hydrogen, the 
intermediate holes contain carbon monoxide and the central holes 
probably contain nitrogen or ammonia. He discusses the sequence 
of the evolution of the gases as the steel solidifies, the reactions which 
take place during teeming, and the segregation of soluble impurities 
during solidification. 
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Inside the Plant of J. H. Williams & Co. W. C. Kernahan. 
(Heat Treating and Forging, 1938, vol. 24, Sept., pp. 445-448), 
The author describes the plant and equipment of J. H. Williams & 
Co., Buffalo, a company which has produced drop forgings and 
drop-forged tools for more than 50 years. 

Drop Forging. J. D. Latta. (Journal of the Institution of 
Production Engineers, 1938, vol. 17, Oct., pp. 662-666). The 
author discusses the process of drop forging, giving a description of 
the successive operations from the receipt of an order to the 
delivery of the finished article. 

Manufacture of Large Forgings. W. J. Merten. (Industrial 
Heating, 1938, vol. 5, Oct., pp. 923-928). The author considers the 
manufacture of large forgings under the following six headings : 
(1) The selection of the steel for the ingot; (2) the ingot-mould 
design and the teeming; (3) the heating prior to forging; (4) the 
successive reductions by forging; (5) the annealing and heat treat- 
ment; and (6) testing. 

Some Notes on Forge Practice. J.H. Hurst. (Metal Treatment, 
1938, vol. 4, Autumn issue, pp. 135-136). The author describes 
some of the auxiliary machinery and appliances used for trans- 
porting ingots and forgings in a forging works, the method of 
changing the tools in a press and some types of bogie that are used 
to carry forgings in and out of the reheating furnace. 

Recent Design Advances in Presses and Other Sheet Metal 
Machinery. F. J. Oliver. (Iron Age, 1938, vol. 142, Sept. 29, 
pp. 32-38). Among the presses described and illustrated in this 
article is one capable of bending in the cold state boiler plates up to 
40 ft. long and 8 in. thick. At each end of this machine is a 3000- 
ton, four-post hydraulic press, and these are connected by two built- 
up bending beams 52 ft. long, 15 ft. deep and 20 in. thick. The other 
machinery which the author briefly describes includes a large 
inclinable press, several punching presses, small bench-type presses, 
sheet-metal forming and nibbling machines, small cutting and 
piercing machines, and a sheet-metal forming and fabricating 
machine. 

Metallurgical Aspects of Hot and Cold Strip for Deep-Drawing 
Requirements. J. E. Angle and W. F. McGarrity. (Transactions 
of the American Society of Mechanical Engineers, 1937, vol. 59, 
pp. 483-437). The authors discuss the recrystallisation produced 
in steel strip by hot-rolling, the effect of the finishing temperature 
on the structure and properties of the strip, the effects of hot and 
cold coiling and the forming and drawing qualities of the hot strip. 
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An Appraisal of Cold-Heading Practice. F. J. Oliver. (Iron 
Age, 1938, vol. 141, June 9, pp. 28-32 ; June 23, pp. 24-28 ; vol. 142, 
July 7, pp. 42-45). In the first part of this series the author discusses 
the present state of the art of cold heading, touching upon the field 
of application of cold-upsetting, factors relating to the relative 
amount of upset, limitations of size and materials, the cold-heading 
of steel wire and its heat treatment. In the second part he deals 
with the general characteristics of cold-heading machines and 
related equipment, and in the third part the author discusses the 
two principal types of tool steel used for cold-heading dies and the 
heat treatment to which they are subjected. 

Some Characteristics of Wire and Their Relation to Cold Heading. 
H. L. Hopkins. (Wire and Wire Products, 1938, vol. 13, Oct., 
pp. 521-528, 595). The author discusses the theory and practice 
of cold-heading with particular reference to the physical properties 
of the surface of the wire used and to the selection of the correct 
lubricant. 

An Early History of Wire Drawing Processes in the Eighteen- 
Forties. (Wire Industry, 1938, vol. 5, Sept., pp. 612-617; Oct., 

. 671). 

° Notes on Die Stresses. K.B. Lewis. (Wire and Wire Products, 
1938, vol. 13, Sept., pp. 441-443, 476-477). The author discusses 
the stresses set up when wire is drawn through a die and develops a 
formula by which these can be calculated. He considers that the 
die angle does not affect the force required to deform the wire, but 
that it affects the friction within certain limits. The advantages and 
disadvantages of pre-stressing the wire by ‘“back-pull” are also 
examined, the author declaring that there are attractive possibilities 
in this technique which are deserving of further study. 

Studies of Die Shape for Metal Drawing. H.Yamanouti. (Trans- 
actions of the Society of Mechanical Engineers, Japan, 1938, vol. 4 
Aug., pp. 258-268). (In Japanese). The author compares conical 
and curved dies for wire-drawing, and discusses the results of 
experiments in which steel, copper and aluminium wire were drawn 
through four types of curved and conical dies with apex angles of 
8°, 16° and 24°. It was found that to obtain the greatest efficiency 
with a curved die, the angle between the surface of the wire and the 
tangent at the point of first contact should be between 6° and 12°. 
The author describes his method of calculating the most suitable 
die shape. 

Fundamentals of Wire Drawing. F.C. Thompson. (Iron Age, 
1938, vol. 142, Oct. 13, pp. 57-66, 156-159, 289-290). The author 
presents a review of about 10 years’ research work on the funda- 
mentals of wire-drawing. He discusses the effects of the speed of 
drawing, the die shape, rotating the die and of backward pull upon 
the physical properties of the wire. With regard to lubrication, 
he shows how a good soap lubricant reduces the die temperature 
when drawing dead-soft steel wire, but considers that the lubricant 
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has little effect upon the temperature when tungsten wire at 700° C, 
is drawn through carbide dies. For drawing steel wire the author 
recommends a well-dried pure olive-oil soap, or one produced from 
a mixture of tallow and palm-kernel oil. In conclusion he discusses 
the results of some experiments which reveal the irregular flow of 
wire containing inclusions. Even when the inclusion is some 
distance under the surface of the metal, the flow lines are pressed 
together, indicating an increased pressure perpendicular to the die 
surface above them; from this it is deduced that the excessive 
wear of the die due to inclusions in the metal being drawn may not 
be due solely to the scratching of the die surface, but may result 
from increased local pressure due to the presence of inclusions which 
are never in contact with the die at all. 

Stainless Steel Wire. J. K. Findley. (Wire and Wire Products, 
1938, vol. 13, Oct., pp. 517-519). After enumerating some of the 
applications of stainless steel wire such as wire cloth used in the 
chemical industries, springs used in corrosive atmospheres, aircraft 
wires on seaplanes, meat hangers, ligature wire and radio antenne, 
the author discusses the properties which should be considered when 
selecting the most suitable kind of wire for each particular purpose. 

Production of Wire from High-Speed Steel at the “ Serp I Molot ” 
Works. K. A. Przheblevskiy. (Kachestvennaya Stal, 1937, No. 12, 
pp. 45-47). (In Russian). The author describes an investigation of 
the heat-treatment, pickling, lubrication and drawing technique 
which is necessary for the production of fine-diameter (down to 
0-5 mm.), high-speed steel wire for the production of twist drills. 

Wire Coiling Machines. J. B. Nealey. (Steel, 1938, vol. 103, 
Nov. 7, pp. 40-41). The author describes some of the coiling 
machines and the heat-treatment equipment at an American works 
which produces all kinds of wire articles. 

Rope Wire. W. RB. Bloxdorf. (Wire and Wire Products, 1938, 
vol. 13, Oct., pp. 505-515, 617). The author describes the processes 
employed in the manufacture of wire ropes from bright, cold-drawn, 
steel wire with particular reference to the heat treatment. 

The Production of Ground Chromium-Vanadium Spring Steel. 
Ya. V. Tesler and G. P. P’yanov. (Kachestvennaya Stal, 1937, No. 
8, pp. 38-40). (In Russian). Several methods of producing valve 
spring wire from steel containing 0-75-1-:10% of chromium and 
0-15-0-30% of vanadium by combinations of drawing and centreless 
grinding are briefly examined. 
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ROLLING-MILL PRACTICE 


(Continued from pp, 19 a—21 a) 


Methods of Measuring the Pressure on Rolls. 8. D. Brylkin and 
A. Ya. Rubstov. (Kachestvennaya Stal, 1937, No. 8, pp. 26-33). 
(In Russian). The authors consider the most important methods of 
measuring the pressure on the rolls from the point of view of their 
suitability for scientific investigations and for practical routine 
purposes. It is pointed out that for practical purposes the method 
involving the measurement of the elastic deformation of the roll 
stands appears to be the most convenient, whilst for accurate work, 
pressure-measuring devices of the hydraulic-membrane and con- 
denser type are recommended. Electrical measuring circuits for use 
with these devices are described. 

New Constructional Methods in Rolling-Mill Construction. K. 
Rosenbaum. (Stahl und Eisen, 1938, vol. 58, Nov. 10, pp. 1281- 
1289). The author describes numerous items of modern German 
rolling-mill equipment, and reproduces numerous illustrations which 
show the changes in design resulting from the use of welding. These 
changes have led to considerable savings in weight and to increased 
safety. He also discusses the use of a lubrication system fed from 
one central point and the improved design of mill pinion housings. 

The Production of Martensitic Rails. (Railway Gazette, 1938, 
vol. 69, Dec. 2, pp. 955-957). A description is given of a German 
process of rolling and quenching rails which produces a surface 
hardness of approximately 400 Brinell. At the last two passes in the 
mill a high-pressure steam jet is directed on the rail to remove the 
scale. The rail is then turned over and held by clamps head down- 
wards, exactly horizontal, and at a temperature of 880-900° C. the 
head only is immersed in a long, narrow tank of running water for 
68-69 sec. The straightening process and the falling weight, hardness 
and bending tests are also described. In conclusion some data on 
the wear of these rails under Swiss traffic conditions are given. 

The 100-Inch Semi-Continuous Plate Mill of the Carnegie-Illinois 
Steel Corporation. (Iron and Coal Trades Review, 1938, vol. 137, 
Nov. 11, pp. 808-810). A description is given of the semi-continuous 
plate mill which went into production at the Homestead Works of the 
Carnegie-Illinois Steel Corporation in December, 1936. At this plant 
the entire rolling process from the time a slab leaves the reheating 
furnace until it reaches the last finishing stand takes less than two 
minutes. The total capacity of the plant is 700,000 tons of finished 
plates per annum. 

Production and Quality Control of Sheets for Automobile-Body 
Fabrication. T. F. Olt. (Transactions of the American Society of 
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Mechanical Engineers, 1937, vol. 59, pp. 185-195). The author 
compares the older and the newer methods of rolling wide mild-steel 
sheets for drawing. He considers the aspects of quality control in 
the modern sheet mill, and presents data showing the effects of 
variations in the cold-reduction, normalising, box-annealing and 
temper-rolling operations. 

Adds 3-High Mill. (Steel, 1938, vol. 103, Nov. 7, pp. 4446). 
Brief particulars are given of a 3-high balanced mill and a 3-high 
jump mill recently installed at the works of the Continental Steel 
Corporation, Kokomo, Indiana. The former is equipped with 62-in, 
rolls, and is designed for roughing bars 8—16 in. wide by 52 in. long 
by 1} in. maximum thick. The top roll of this mill is driven by 
means of friction discs mounted within the pinion. The jump mill 
has rolls 62 in. long, one being 20 in. and the other two 32 in. in 
diameter. The feeder and catcher tables are of the tilting type. 
The reheating furnaces are also described. 

Modern Methods of Strip Rolling and Finishing at Guest, Keen 
and Nettlefolds, Ltd. (Sheet Metal Industries, 1938, vol. 12, Nov., 
pp. 1247-1250). The history of the development of the strip mills 
of Guest, Keen and Nettlefolds, Ltd., from 1887 to the present 
time is traced, and an account is given of the plant, equipment and 
procedure at their new Cardiff works. The range of material 
which can be cold-rolled includes all widths up to 10 in. and thick- 
nesses down to 0-005 in. A particularly interesting item of the 
equipment is the flying micrometer, which employs a combination 
of a mechanical gauging contact and electrical magnification ; this 
instrument can gauge material at any point on the width while the 
strip is being rolled. 

The Lubrication Problem in the 10-in. Hot Strip Mill at the Guest, 
Keen and Nettlefolds Plant. T.J.Kauffeld. (Sheet Metal Industries, 
1938, vol. 12, Nov., pp. 1251-1255). A detailed description is given 
of the Morgoil bearing and the system of lubrication adopted for the 
roll-neck bearings of the new 10-in. strip mill at the Cardiff works of 
Guest, Keen and Nettlefolds, Ltd. 

The Construction and Operation of the First German Wide Strip 
Plant. F. Winterhoff. (Stahl und Eisen, 1938, vol. 58, Nov. 3, 
pp. 1225-1237). After describing the development of strip-steel 
production in Germany and America, the author goes on to discuss 
in detail some of the factors affecting the process and the quality 
of the strip produced, such as the arrangement of the rolls in the 
stands, the roll bearings, the diameter and surface of the rolls, the 
rolling temperature and the sequence of the roll stands. He describes 
next the American wide-strip mills and the development of the 
German strip mills at Dinslaken. This fully-continuous mill was 
put in commission in August, 1937. It has a production capacity of 
60,000 tons per month, and is capable of producing strip and sheets 
from 1-25 to 10 mm. in thickness and from 400 to 1300 mm. in width. 
In conclusion the author considers the economic and social effects 
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of the erection of the Dinslaken mill, having regard to its enormous 
production capacity. 

Defects in Cold-Rolled Steel Strip and Methods of Preventing 
Them. A. A. Druzhkov. (Kachestvennaya Stal, 1937, No. 8, 
pp. 14-17). (In Russian). A large number of defects, such as 
tearing, various types of deformation, variation in thickness, surface 
defects, changes in mechanical properties along the length of the 
strip and rusting, are discussed, together with their causes and 
methods of preventing them. 

Developments in Electrical Rolling-Mill Drives. H. S. Carnegie. 
(Proceedings of the Cleveland Institution of Engineers, Session 1937-38, 
pp. 251-276). The author discusses the development of electrical 
rolling-mill drives under the following headings: (1) Progress in the 
design of reversing mill drives; (2) the salient features of non- 
reversing mill drives for normal merchant and bar mills; (3) new 
American-type hot mills recently introduced into England for the 
manufacture of wide strip for finishing as sheet or tinplate; and (4) 
new types of American cold mills of the tandem single non-reversing 
and single reversing types for the cold-reduction and finishing of strip 
for sheets and tinplates. 

Power Circuit. (Steel, 1938, vol. 103, Nov. 14, pp. 46-47, 54- 
55, 83). Descriptions are given of the important features of the 
power circuits and electrical controls of the new 98-in. strip mill 
of the Republic Steel Corporation at Cleveland, Ohio. (See Journ. 
I. and 8.1., 1938, No. I., p. 143 a). 
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Symposium on Gas Temperature Measurement. (Institute of 
Fuel, Dec. 2, 1938). The following is a list of the papers read at 
a symposium on gas temperature measurement organised by the 
Institute of Fuel : 


J. 


M. 


C. 


G. 
. Scnack: The Theory and Application of the Suction 


M. 


G. Bennett and M. Prrant: The Temperature of Gas—Its 
Meaning and Measurement. 

FisHENDEN and O. A. SaunpeRS: The Errors in Gas 
Temperature Measurement and Their Calculation. 

H. Bosanquet: The Wall Effect in Gas Temperature 
Measurement. 

Ripavup, Y. Laure and H. Gaupry: The Measurement of 
Flame Temperatures. 


Pyrometer. 


. NAESER: Optical Temperature Measurement of Luminous 


Hydrocarbon Flames. 


. ScHuLZE: Metallic Materials for Thermocouples. 
. MicuEts and B. Buatssz : The Measurement of Temperature 


in High-Pressure Containers. 


. M. Larsen, G. SrppaLt and HEINDLHOFER: A Modified 


Aspirating Thermocouple for Gas Temperatures. 


A. F. Wesser: Errors in Gas Temperature Measurement. 
M. 


W. Turinc : The Measurement of Temperature of Producer 


Gas. 
Parkin: The Measurement of Gas Temperatures in Glass 


Furnaces. 


W. R. HawrHorneE : Gas Temperature Measurement in Boilers. 
J. C. Swattow: The Measurement of Gas Temperature in the 


8. 


Chemical Industry. 
MatrHews: Application of Temperature-Measuring Equip- 
ment to the Measurement of Gas Temperatures. 


W. Bowen : Temperature-Measuring Instruments. 


The Measurement of the Temperature of Cast Iron and Steel by 
Means of Optical Pyrometers. N.Toperverkh. (Stal, 1937, No. 10, 
pp. 33-36). (In Russian). The measurement of the temperature 
of molten iron and steel by means of optical radiation pyrometers 
may involve a number of errors, and in this connection the cards of 
corrections for use with optical pyrometers issued by the German 
Warmestelle in Diisseldorf are given. A more accurate measurement 
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of the temperature is possible by the use of colour pyrometers, 
the first of which for metallurgical purposes was designed by 
G. Naeser, in Germany. The principles underlying the functioning 
of this instrument are described. 

Remote Temperatures. (Steel, 1938, vol. 103, Sept. 19, pp. 63, 
141-142). A description is given of the principles of the ‘‘ Rayo- 
tube” temperature-measuring instrument. There are two kinds of 
instrument : One is a wide-angle type for measuring the average 
temperature of a comparatively large surface, and the other is a 
small-angle type for focusing on to a small area. In both types of 
instrument the energy radiated from the hot surface is focused on to 
a thermopile, which is connected to a potentiometer-recorder. The 
instrument can be used for measuring the temperature of moving 
objects and of inaccessible objects in furnaces, and it can be used at 
some distance from the furnace or forge, and is therefore not affected 
by vibration or gases, as are thermocouples. 

Determination of Temperature Distribution in Solid Bodies. W. 
Trinks. (Industrial Heating, 1938, vol. 5, Oct., pp. 901-904). 
The author explains the theories on which are based the recently 
published tables and curves relating to the heating and cooling of 
simple bodies. These were originally known as Gréber’s curves, but, 
in the edition referred to, some errors in the section on cylinder 
heating have been corrected by H. Bachmann. As an example, 
the author shows how to use the curves to calculate the temperature 
at the centre and on the surface of a steel cylinder after it has been 
10 hr. in a furnace, given the initial temperature of the steel, the 
furnace temperature, the heat transfer coefficient and the rate of 
heat diffusion. 
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(Continued from pp. 22 A-27 a) 


Handling Solid Carburizer in Continuous Box Carburizing. R. H. 
Weber. (Metals and Alloys, 1938, vol. 9, Oct., pp. 255-257). The 
author describes the heat-treatment technique developed by the 
Cardillac Co. for the carburising of transmission and rear-axle gears, 
He draws particular attention to the use of cylindrical instead of 
rectangular pots, the size of the carburising compound, which is 
in pieces at least } in. in diameter, and to the conveyor systems for 
the pots and the compound. 

Notes on Nitriding. V. O. Homerberg. (Industrial Heating, 
1938, vol. 5, Oct., pp. 917-920). In discussing fatigue tests on 
nitrided specimens, the author points out that the examination of 
fractures shows that the cracks commence at a point near the 
junction of the case and the core, but within the core material. The 
permissible loads on nitrided specimens are therefore limited by the 
fatigue strength of the core material. Further tests showed that a 
turned notch 0-0004 in. deep, cut before nitriding, had no effect on 
the fatigue strength, whilst the same notch on an unnitrided specimen 
reduced the fatigue strength by 45%. 

In order to prevent certain portions of an article from becoming 
nitrided, they should be coated with tin or solder. A coating 
0-0007 in. thick is suitable. 

Flame Hardening. J. Sheppard. (Welding Journal, 1938, vol. 
17, Oct., pp. 33-35). The author describes some of the hand- and 
machine-operated oxy-acetylene torches with single and multiple 
tips which are now available for surface-hardening steel. He also 
discusses some of the advantages and a number of applications of the 

rocess. 

P Scaling and Decarburising Unalloyed Steels. G. Bandel. (Stahl 
und Eisen, 1938, vol. 58, Nov. 10, pp. 1317-1326). In his review of 
the literature up to 1937 on scaling and decarburising unalloyed steel, 
the author shows that the physics and chemistry of the effects of 
annealing time and annealing temperature have been known for 25 
years. By means of X-ray and electron-diffraction investigations, he 
confirms and amplifies former observations concerning the relation- 
ship between the crystallographic orientation of the oxide layers 
and that of the surface of the steel. He discusses the processes of 
carburisation and decarburisation and their relation to temperature. 
In the concluding part of his paper he deals with the influence of 
various pure gases and gas mixtures on the thickness of the scale and 
on the process of carburisation or decarburisation. A bibliography 
of 85 references is appended. 

Controlled Atmosphere in Heat-Treatment Furnaces. A. V. 
Smirnov. (Kachestvennaya Stal, 1937, No. 8, pp. 6-9). (in 
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Russian). The author reviews modern methods of obtaining a 
controlled natural or synthetic atmosphere for use in heat-treatment 
furnaces. The fundamental principles involved in the production of 
gas mixtures of a particular composition either inside the furnace or 
in separate heating equipment are discussed. In conclusion he 
considers the gas mixtures which are suitable for the prevention of 
decarburisation and oxidation, and for cementation and nitriding 
purposes. 

Fundamentals Concerning the Heat Treatment of Steels. G. 
Lempert. (Gas, 1938, vol. 10, Nov., pp. 257-262). After consider- 
ing the properties required in structural, tool and special steels and 
explaining the iron-carbon diagram, the author proceeds to a 
detailed discussion of the theory and practice of annealing, harden- 
ing and tempering, and concludes with some observations on the 
advantages of gas-fired furnaces for the heat treatment of steels. 

The Manufacture of Safety Razors and Blades. (Machinery. 
1938, vol. 53, Oct. 13, pp. 33-38). A description is given of the 
machinery and processes employed in the manufacture of Gillette 
razors and blades at the works of Gillette Industries, Ltd., Isleworth. 
The output capacity of the factory is 25,000 razors and 1,500,000 
blades per day. The hardening and tempering operations are 
continuous, for the strip passes through a hardening furnace, a 
water-cooled quenching box and two tempering furnaces in 
succession. These furnaces are all electrically heated and are fitted 
with automatic temperature control. 

Heat Treatment of Cold-Drawn Alloy Steels. M. I. Vinograd. 
(Kachestvennaya Stal, 1937, No. 12, pp. 9-13). (In Russian). 
The author describes an investigation of the effect of different 
degrees of deformation and of the temperature and duration of the 
heat treatment upon the mechanical properties of cold-drawn alloy 
steels containing small quantities of chromium-nickel, tungsten- 
nickel and tungsten-chromium. He develops the optimum heat- 
treatment schedules for these steels. 

The Working of “‘ ER ’’ High-Speed Tungsten Steel. P. Karyazin 
and I. Golikov. (Stal, 1938, No. 4, pp. 67-70). (In Russian). The 
authors summarise the difficulties encountered on a previous 
occasion during an attempt to draw this type of steel. The difficul- 
ties were partially solved at the time, and the present article describes 
further investigations on the subject with particular reference to the 
preliminary and intermediate heat treatments. Two heats of steel 
were used. in the experiments, the first having the composition : 
Carbon '0-69%, silicon 0-18%, manganese 0-23%, phosphorus 
0:017%, tungsten 17-63%, chromium 4-20%, nickel 0:20% and 
vanadium 0-70%. The second steel differed only in its carbon and 
silicon contents, which were 0-76% and 0-:23% respectively, the 
remaining alloying constituents being practically the same. Good 
results were obtained by annealing the rolled 9-2 mm.-dia. rod at 860° 
C., followed by cooling in stages, the steel being maintained for some 
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time at 760° C., with a subsequent ‘‘ carbide tempering ”’ at 720° C. 
Scale, which caused pitting during pickling, was removed by drawing 
the material through a die with a diameter 2-3 mm. greater than that 
of the rod. Deformations of up to 20% could be obtained with 
suitably pre-treated steel. For recrystallisation heat treatment a 
temperature of 780° C. for 1 hr. followed by cooling in water was 
found to be the most suitable. 

Size Variation in Die Steels. L. Sanderson. (Machinery, 1938, 
vol. 53, Nov. 17, pp. 199-200). The author describes tests made on 
specimens of manganese-chromium die steels to ascertain the 
changes in dimensions caused by the heat treatment. The results 
showed that tempering the heat-treated specimens by heating to 
220° C. reduced the length measured before the tempering by 0-001 
in. on a gauge length of 54 in. The author finds that the best heat 
treatment to minimise distortion is to pre-heat to 650-680° C. and 
then to transfer the die to a furnace at 790-800° C. for hardening. 

Temper-Brittleness in Alloy Steels. J. A. Jones. (Metal 
Treatment, 1938, vol. 4, Autumn issue, pp. 97-101). The author 
discusses the results of several series of tests carried out on specimens 
of nickel and nickel-chromium steels with the object of establishing 
their susceptibility to temper-brittleness when exposed for prolonged 
periods to temperatures between 350° C. and 550°C. He established 
that even after being reheated 10 times, nickel steel is no longer 
susceptible to temper-brittleness when cooled at a rate of $° C. per 
min. from the tempering temperature, but to obtain the same result in 
the more susceptible nickel-chromium steel it is necessary to reheat 30 
times. He presents tables showing the Izod impact values and the 
Vickers pyramid hardness numbers. 

The Tempering of “Silchrome.”” A. P. Gulyaev. (Kachest- 
vennaya Stal, 1937, No. 12, pp. 18-24). (In Russian). The 
“ Silchrome ” steel used for the investigation contained 0-44% of 
carbon, 11-0% of chromium and 3-85% of silicon. The effect of 
different tempering temperatures was studied mainly by means of 
dilatometers, but some magnetic measurements, hardness deter- 
minations and microscopic examinations were also carried out. The 
transformations taking place in ‘‘ Silchrome ” on tempering and the 
effect on these of the quenching and tempering temperatures, the 
time of heating, repeated heating and repeated tempering are 
described. A theoretical explanation of the phenomena observed 
during tempering is suggested. 

Electric Furnace Design. R. R. Lapelle. (Steel, 1938, vol. 
103, Sept. 19, pp. 44-48, 127-133). The author summarises the 
principles and calculations used in the design of electric furnaces 
which are to operate at temperatures between 450° and 2100° F. 
Some of the data are taken from standard works on furnace design 
by Mawhinney, Trinks and Stansel, and other information has been 
obtained from tests on furnaces under actual operating conditions. 
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WELDING AND CUTTING 





(Continued from pp. 28 A—30 A) 


Welding Problems and Progress. Sir William Larke. (Trans- 
actions of the Institute of Welding, 1938, vol. 1, Oct., pp. 200-205). 
In his Presidential Address the author briefly reviews the history 
of welding, and refers to the advancement achieved by the issue of 
the London County Council’s regulations for the use of metallic-are 
welding in buildings. He discusses the application of gas and 
electric welding to shipbuilding, the construction of pressure vessels, 
machinery, structures, railways and general repair work. He 
refers also to the great potential applications which remain to be 
developed, stating that to realise this the welding procedure to be 
adopted in any particular application should be laid down in the 
drawing office. 

Boiler Fabrication. (Steel, 1938, vol. 103, Nov. 7, pp. 48-49). 
The plant purchased for the reorganisation of an American works 
manufacturing low-pressure steel boilers is described. Riveting 
had been discontinued and replaced by direct-current welding ; 
the latter has now been superseded by the alternating-current 
process. Particulars of the saving in cost are given. 

Crater Formation in Arc Welding. G.E. Doan and §.,S. Young. 
(Welding Journal, 1938, vol. 17, Oct., Supplement, pp. 61-67). 
The authors studied the conditions attending crater formation by 
electrically welding specimens of cold-rolled steel in atmospheres of 
helium, helium and oxygen, argon, argon and oxygen, nitrogen, 
nitrogen and helium, and nitrogen and argon. The data obtained 
show that the presence of oxygen is the cause of crater formation 
in arc welding under the experimental conditions described. 

Flash Welding of Rails. H.C. Drake. (Welding Journal, 1938, 
vol. 17, Oct., pp. 17-21). The author describes the methods of 
testing flash butt-welded steel rails which have been developed by 
the Delaware and Hudson Railroad and the technique adopted for 
stress-relieving the welds, 

Testing and Inspection of Arc-Welded Joints. W. H. Simon. 
(Welding Industry, 1938, vol. 6, Oct., pp. 299-303; Nov., pp. 349- 
354). After briefly reviewing the simple mechanical tests, the 
author explains what can be ascertained by the visual inspection of 
welds. He then explains the methods of testing by means of 
X-rays and gamma-rays, showing that as the latter have a greater 
penetration power these rays can be used to examine steel up 
to 5-in. thick. The second part of the paper is devoted mainly to a 
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consideration of the magnetic methods of testing and the instruments 
used. The author concludes with a reference to the value of 
hardness tests on welded seams. 

The Tensile Strength of Deposited Weld Metal. J.Sack. (Weld- 
ing Industry, 1938, vol. 6, Nov., pp. 341-344). The author explains 
the relation between the tensile strength and the other mechanical 
properties of steel, and shows that it is no longer necessary to 
stipulate the upper limit for the tensile strength in a welding 
specification. 

The Metallurgy of Welding. H. Harris. (Transactions of the 
Institute of Welding, 1938, vol. 1, Oct., pp. 235-240, 249). The 
author discusses in detail the changes which take place in the 
microstructure of welded steel containing 5-0% of chromium, 0-5% 
of molybdenum and 0-1% of carbon, with particular reference to 
the changes which occur in the affected zone of the parent metal. 

Thermal Disturbance during Welding Considered in Relation to 
the Hardness of Arc Fillet Weld Areas in Steel. T. B. Wilkinson. 
(Transactions of the Institute of Welding, 1938, vol. 1, Oct., pp. 227- 
234). Conclusion of a previous article. (See Journ. I. and S.L., 
1938, No. II., p. 232 a). The results of the author’s investigation 
of the cooling rates of welds show that the deposition of small 
fillet welds during the welding of low-alloy steels leads to a rapid 
cooling rate and high hardness of the weld. Conversely, increasing 
the fillet size leads to a slower cooling rate and the production of 
structures showing an increased percentage of sorbitic decomposition 
product and a lower weld hardness. The author shows how to 
correlate the heat input and the final metallographic structure, and 
indicates a convenient method for the approximate estimation of 
the relative cooling rate by the observation of temper colours. 

The Metallurgical Aspects of Resistance Welding Electrodes. 
R. H. Harrington. (Welding Journal, 1938, vol. 17, Oct., Supple- 
ment, pp. 18-22). After tracing the history of the development of 
electrodes for resistance welding, the author proceeds to a discussion 
of the desirable properties of an electrode alloy, which are (a) suitable 
electrical conductivity, (b) a high elastic limit, (c) ability to maintain 
its physical properties at high temperatures and (d) the property of 
not adhering to the material being welded. In conclusion he 
suggests some problems deserving of research, the solution of which 
would be of great assistance in the development of new electrode 
alloys. 

Studies of the Spot Welding of Low-Carbon and Stainless Steels. 
W. F. Hess and R. L. Ringer. (Welding Journal, 1938, vol. 17, 
Oct., Supplement, pp. 39-48). This paper is in the nature of 4 
progress report on the resistance-welding research sponsored by the 
Welding Research Committee of the Engineering Foundation 
undertaken at the Rensselaer Polytechnic Institute Welding 
Laboratory. The results so far obtained in this research indicate 
that (1) the maximum strength of joint is obtained by using the 
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maximum current possible without expelling any metal; (2) the 
expulsion of metal during welding should be prevented, as it is a 
cause of cavitation, indentation, cracking and loss of strength; 
(3) the best physical properties are obtained when the fused weld 
penetrates 40-70%, of the thickness of the sheet ; (4) unit pressures 
as high as 50,000 lb. per sq. in. are desirable for the spot welding of 
0-028-in. polished 18/8 stainless steel; (5) many machines designed 
for welding low-carbon steels may not be capable of producing the 
high pressure required to weld stainless steel; (6) great care must 
be taken in the alignment of the electrode tips to ensure uniformity 
of pressure ; (7) microscopic examination of welds made by 2-, 6-, 
and 10-cycle processes shows that even with 10 cycles the time taken 
is not sufficiently long to cause appreciable carbide precipitation ; 
(8) the quality of spot welds can be accurately determined by the 
microscopic examination of polished and etched sections ; and (9) it 
is quite possible to measure the contact resistances during spot 
welding, and this is a subject open to further investigation. 

Weldability of Medium Carbon Steel. R.W.Emerson. (Weld- 
ing Journal, 1938, vol. 17, Oct., Supplement, pp. 7-17). The author 
presents a study of the effect of welding upon the hardness of steels 
containing 0-30-0-50% of carbon with particular reference to the 
heat-affected zone adjacent to the weld metal. 

A Quick Shop Test for Quality of Weld and Its Correlation with the 
Standard Tests. W. J. Conley. (Welding Journal, 1938, vol. 17, 
Oct., Supplement, pp. 31-34). The author explains the theory of the 
relationship between the plane of a fracture in a test-piece and the 
stresses which cause the fracture, and from this develops a simple 
method of testing requiring only a hack-saw, a hammer and a vice, 
which consists of cutting a nick, breaking the test bar and examining 
the fracture. A little experience enables the inspector to form an 
estimate of the ductility or brittleness of the material. In conclu- 
sion the author describes how he used this as a method of examining 
welds, and states that his conclusions were in fairly close agreement 
with those obtained by more scientific and accurate means. 

Residual Stresses Due to Circumferential Welds in Pipes. E. L. 
Eriksen and I. A. Wojtaszak. (Welding Journal, 1938, vol. 17, Oct., 
Supplement, pp. 68-71). The authors describe some tests made on 
circumferentially welded steel pipes 20 in. in outside dia. by 1 in. 
thick and 8 in. in outside dia. by } in. thick, in which the mean 
diameters at the weld and at increasing distances from it were 
measured before and after stress-relieving. They explain how to 
calculate the residual stresses from the data obtained. 

The Effects of Oxy-Acetylene Cutting on Ordinary Structural 
Steels. Rochette de Lempdes. (Soudeur-Coupeur, 1938, vol. 17, 
Aug., pp. 1-9). The author describes his investigation of the 
properties of the surfaces left by the oxy-acetylene torch, and of 
welds the faces for which had been prepared with the same 
appliance. He found that tensile, bend and impact tests showed 
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that specimens with one or more surfaces cut by the oxy-acetylene 
process were of equal, or possibly slightly better, quality than 
specimens filed to the same dimensions. ‘The fatigue strength of the 
former, although quite sufficient for ordinary purposes, could be 
improved by grinding or polishing the surfaces left by the flame. As 
to the properties of the welds, he found that whether the surfaces 
were prepared by the torch or by machining, their mechanical 
properties were the same, and if slight differences were apparent, 
these were traceable to the welding technique, not to the method of 
preparation. 

Machine Gas-Cutting in a Large Steel Foundry. W. E. Murray 
and H. E. Horwood. (Welding Journal, 1938, vol. 17, Oct., pp. 
44-48). The authors describe the tests made with an oxy-acetylene 
cutting machine which led to its introduction as a standard means of 
removing risers in a steel foundry. The conveyor equipment set-ups 
for the production-cutting of various types of castings are also 
described and illustrated. 

Quality and Efficiency in Oxygen Cutting. G. M. Deming. 
(Welding Journal, 1938, vol. 17, Oct., pp. 22-30). The author 
discusses the points to be considered in the purchase of an oxy- 
acetylene cutting machine, the maintenance of all the equipment and 
the technique for various kinds of cutting work. 
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(Continued from pp. 31 A—32 A) 


Determining the Tool-Life /Cutting-Speed Relationship by Forcing 
Cuts. C. E. Kraus and R. R. Weddell. (Transactions of the 
American Society of Mechanical Engineers, 1937, vol. 59, pp. 
555-558). The authors present and discuss the results of a series of 
tests made to ascertain the relation between the tool life and the 
cutting speed of a variety of high-speed steels when cutting a dense 
nickel cast iron. 

Power and Forces in Milling §.A.E. 3150 Steel with Helical Mills. 
0. W. Boston, W. W. Gilbert and K. B. Kaiser. (Transactions of 
the American Society of Mechanical Engineers, 1937, vol. 59, pp. 
545-554). The authors describe an investigation of the power 
required by a milling machine when milling American 8.A.E. Steel 
No. 3150 with milling cutters with 12 teeth on a 25° left-hand: helix 
at rake angles of 20°, 15°, 10° and 5°. 

The Working of Stainless Steels. (Machinist, 1938, vol. 82, Nov. 
5, pp. 869-880). These pages contain a summary of the available 
information on the classification of stainless steel, together with 
particulars of its corrosion-resistance, machining, polishing, cold- 
working, forging, brazing and welding, and heat-treatment proper- 
ties. The section (pp. 877-879) on the welding of stainless steels is 
by T. R. Lichtenwalter. 

Character and Machine Performance of Lead-Bearing Steels. 
F.J. Robbins. (Iron Age, 1938, vol. 142, Nov. 17, pp. 28-33). The 
author compares the properties of Bessemer and open-hearth steel 
which is to be used as the material or “ screw stock’ for making 
parts in screwing machines, and shows that both qualities still leave 
something to be desired. He then relates how attempts have been 
made to add lead to open-hearth steel in order to improve its machin- 
ing properties. It is possible to produce an emulsion of lead in 
molten steel which, on solidifying, leaves the lead in a very finely 
divided state uniformly dispersed throughout the ingot. The 
addition of lead has been found to make the McQuaid-Ehn grain size 
of the steel slightly less, but this does not appear to be detrimental 
as regards the machinability and heat-treatment properties. Using 
a series of diagrams and graphs, the author compares the physical 
properties of bars of plain and lead-bearing steels (the latter contain- 
ing 0-25-1-0°% of lead) rolled from ingots from the same heat of steel. 
The conclusion reached from a consideration of the test data is that 
the addition of lead to any of the American standard S.A.E. plain 
carbon or open-hearth steels produces no significant change in their 
physical properties. As to heat treatment, field-service reports 
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indicate that occasionally the ability of lead-bearing steels to case- 
harden is decreased. In the case of high-carbon steels which are 
simply to be quenched and drawn, the lead-bearing steel has a 
tendency to form a slightly more adherent scale. Hardness tests 
showed that the depth of the case is slightly less when the steel 
contains lead. Turning to its machining properties, the author 
presents data comparing the number of parts produced per hour, the 
cutting speed and the cost of machining hubs, bushes and spur gears 
made of lead-bearing and lead-free steels. ‘These show that the cost of 
machining the former is appreciably less, the actual saving in 
machining costs of the three parts mentioned being 22%, 18% and 
6-4% respectively. Owing to the lubricating properties imparted 
by the lead, the life of the cutting tool is also increased. The author 
does not suggest that the use of lead-bearing steels will cure all 
machining troubles, but he is of the opinion that there is a definite 
place for them among the other recognised standard steel specifica- 
tions. 
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(Continued from pp, 41 A-57 a) 


Modern Methods of Testing Iron. P. Nicolau. (Mémoires de la 
Société des Ingénieurs Civils de France, 1938, vol. 91, Mar.—Apr., 
pp. 200-211). The author describes some of the instruments used in 
France for carrying out impact, bend, shear, elasticity and magnetic 
tests on cast-iron specimens. 

Fracture of Cast Iron. I. Iitaka and I. Yamagishi. (Scientific 
Papers of the Institute of Physical and Chemical Research, Tokyo, 
1938, vol. 34, Oct., Part I., pp. 1025-1033). The authors classify 
the fractures of metals into four groups, as follows: (1) Those in 
which the fracture crosses the grains and breakage occurs along the 
cleavage plane; (2) those in which the fracture crosses the grains 
and occurs after the grains have been deformed by slipping along 
the slip planes; (3) those in which the fracture crosses the grains 
and runs along the boundaries of the dendrites; and (4) those in 
which the fracture runs along the grain boundaries. They place 
cast-iron fractures in the third group, stating that the degree of 
fineness of the fracture is equal to that of the dendrite and both are 
inversely proportional to the rate of cooling and solidification. 

Suggested New Definitions for Proportional Limit and Yield 
Point. L. H. Donnell. (Mechanical Engineering, 1938, vol. 60, 
Nov., pp. 837-838). The author is dissatisfied with the practical 
application of the present definitions of the limit of proportionality 
and the yield point, and proposes new definitions which will express 
the former as the stress at which plasticity first becomes great 
enough to be of engineering significance, and the latter as the stress 
at which plasticity becomes too great to be tolerated. He proposes 
to define the limit of proportionality as the stress at which the slope 
of the stress-strain curve is a certain percentage of the original slope, 
and from this basis he establishes the following formule, in which 
o%2 and oj represent the stresses at which the stress-strain slopes 
are respectively } and ? of the original slope EZ : 


Limit of proportionality o,’ = 1-503¢ — 0-5ox2 
Yield point oy = l-5oyz —_ 0-532 


He concludes with a discussion of the application of these 
formule, giving some examples. 

The Investigation of Notch Effects on Static Tensile Tests. 
W. Spath. (Metallwirtschaft, 1938, vol. 17, Oct. 28, pp. 1133- 
1134). In his discussion of tensile tests on notched bars the author 
points out the differences between the following effects: (1) The 
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intensification of the stress due to the notch; (2) the reduction of 
the relative elongation of a gauge length which is considerably greater 
than the volume-flow at the base of the notch; and (3) the effect 
which the increased rate of fracture at the base of the notch has 
upon the tensile strength. He shows that these effects must be 
understood when evaluating the strength of a metal. 

Recent Investigations in Plastic Torsion. C. W. MacGregor and 
J. A. Rhones. (Transactions of the American Society of Mechani- 
cal Engineers, 1937, vol. 59, pp. A163-a169). The authors 
describe tension, double-shear and torsion tests on cast iron and 
annealed specimens of the American steels 8.A.E. 1045 and 1112 in 
which the quantitative relationships between the modulus of rupture, 
the double-shear strength and the actual maximum shear stress in the 
bar at fracture were obtained for each material. The distribution 
of shear stress over the cross-section of each bar at fracture was also 
determined. In conclusion they describe a series of plastic-torsion 
tests on mild-steel bars of various cross-sections, such as a splined 
shaft, a round shaft with two shallow key-ways and on two- and 
four-lipped drills. 

Application of Tension-Impact Tests. G. F. Jenks. (Trans- 
actions of the American Society of Mechanical Engineers, 1937, 
vol. 59, pp. 313-318). The author compares the value of the 
information obtained by notched-bar impact tests and notched-bar 
tensile tests. He prefers the latter test because it is less sensitive 
to errors in machining and to accidental variations in the structure 
of the material. In studying tension-impact tests he finds that 
materials require a constant energy to cause fracture, and that this 
is independent of the velocity of loading, provided that certain critical 
velocities are not exceeded. This critical or “ transition ” velocity 
appears to be a fundamental property of a steel, and its value 
varies with its chemical composition, the preliminary and _ the 
final heat treatment and with the temperature at which the test 
is carried out. 

X-Ray Stress Determinations on Bars Stressed in Bending to above 
the Yield-Point. (Metal Treatment, 1938, vol. 4, Autumn issue, 
pp. 110-114). An abridged translation of an article by F. Bollen- 
rath and E. Schiedt which appeared in Zeitschrift des Vereines 
deutscher Ingenieure, 1938, vol. 82, Sept. 17, pp. 1094-1098. (See 
Journ. I. and 8.I., 1938, No. II., p. 396 a.) 

The Amplified Wohler Diagram, the New Stress Diagram. C. 
Volk. (Metallwirtschaft, 1938, vol. 17, Nov. 4, pp. 1167-1169). 
Until recently the fatigue-strength values of steel were determined 
almost entirely by Wohler tests, but now more attention is being 
directed to the stress limits and the ‘“time-resistance.” In this 
connection the following questions arise: (a) What reliability can 
be placed upon the number of reversals before fracture ? (6) What 
is the effect of short-time pre-stressing on the number of reversals 
before fracture ? (c) What effect has pre-stressing upon the fatigue 
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strength ? (d) What are the relationships between the amount of 
the load, the material and the shape of the specimen ? The author 
discusses the first three of these questions, and develops new stress 
diagrams based on amplified Wohler diagrams. 

On the Fatigue of Metals. Y.Kidani. (Scientific Papers of the 
Institute of Physical and Chemical Research, Tokyo, 1938, vol. 34, 
Oct., Part I., pp. 1042-1052). The author presents a mathematical 
discussion on the formule used to calculate the energy absorbed by 
specimens subjected to fatigue tests. 

Fatigue and Corrosion Fatigue of Steels. B. B. Wescott. 
(Mechanical Engineering, 1938, vol. 60, Nov., pp. 813-822, 828). 
After a brief historical review of the fatigue testing of steel, the 
author considers the relation between the fatigue limit and the 
common static physical properties, and finds that there is no definite 
relationship between these except in the case of tensile strength. 
He finds that in no case does the fatigue limit of any ferrous alloy 
fall below one-third of the tensile strength. He comes to the 
general conclusion that the ratio of the fatigue or endurance limit 
to the tensile strength is greater for low- and medium-carbon steels 
heat-treated to give maximum ductility than for high-carbon steels 
heat-treated to give high strengths. He next examines the nature 
of fatigue failures and discusses the effect of cold-drawing and cold- 
rolling upon the fatigue limit. In the concluding part of his paper 
he considers the effects on steel of simultaneous corrosion and 
repeated stresses, in other words the “ corrosion-fatigue ” of steel, 
and summarises the results of numerous tests by McAdam. In 
these tests on carbon, medium-alloy and corrosion-resistant steels, 
the specimens were exposed to the action of fresh water and air 
while being subjected to 1450 reversals per min. for 20,000,000 cycles 
in rotating-beam testing machines. The general conclusions reached 
were : (a) There is no relation between the corrosion-endurance limit 
and the tensile strength; (b) for carbon steels there is no definite 
effect attributable to the carbon content; (c) medium alloy steels 
have slightly higher corrosion-fatigue limits than carbon steels, but 
the benefit is out-weighed by their higher cost; (d) internal stress 
resulting from heat treatment has a deleterious effect on the 
corrosion-fatigue limits of carbon and medium-alloy steels; and 
(e) chromium is more effective than nickel in increasing the corrosion- 
fatigue limits of corrosion-resisting steels. 

Abstract of Progress Report No. 3 on Heavy Helical Springs. 
C. T. Edgerton. (Transactions of the American Society of 
Mechanical Engineers, 1937, vol. 59, pp. 609-616). This is an 
abstract of Progress Report No. 3 of the sub-committee on heavy 
helical springs of the American Society of Mechanical Engineers’ 
Special Research Committee on mechanical springs. It contains 
in tabular form, accompanied by a brief discussion, the results of 
static tension and torsion tests, rotating-beam endurance tests in 
bending, and torsion endurance tests of straight specimens of plain 
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carbon basic open-hearth steel, plain carbon electric-furnace steel 
and silicon-vanadium spring steel. 

Fatigue Life of Tapered Roller Bearings. W. 0. Clinedinst, 
(Transactions of the American Society of Mechanical Engineers, 
1937, vol. 59, pp. Al43-a150). The author develops a general 
equation for the fatigue of tapered roller bearings, together with a 
series of formule relating to contact stresses. He applies the general 
equation to individual parts of the bearing, and develops mathe- 
matical expressions for the radial and thrust capacities under all 
operating conditions. 

Fatigue Failure from Stress Cycles of Varying Amplitude. B. F. 
Langer. (Transactions of the American Society of Mechanical 
Engineers, 1937, vol. 59, pp. A160-al62). In this mathematical 
treatise the author presents a method of estimating the life of a 
machine part which is subjected to repeated applications of various 
stresses, some of which are above the fatigue limit. 

Vibration Stress Measurements in Strong Centrifugal Fields. 
C. M. Kearns and R. M. Guerke. (Transactions of the American 
Society of Mechanical Engineers, 1937, vol. 59, pp. 4156—a159), 
After reviewing the existing methods of measuring stresses set up by 
vibration in strong centrifugal fields, the authors describe and discuss 
the carbon-resistance extensometer. In this apparatus carbon 
resistors are ground to a thickness of about + in. and attached to the 
surface in the direction of the strain to be measured; these are 
electrically connected to suitable instruments, which may include an 
oscillograph, and the vibrational stresses are recorded by the vari- 
ation of the current passing through the resistors. The application 
of this device to measure aircraft-propeller tip stresses is described. 

Cylinder Wear, with Special Reference to Liner Materials. 4G. 
Williams. (Bureau of Information on Nickel, 1938, Publication No. 
B 37). The author summarises the results of the investigation of 
cylinder wear undertaken by the Research Department of the 
Institution of Automobile Engineers in 1933, and proceeds to examine 
the properties of the nickel-bearing cast irons which are suitable for 
the manufacture of cylinder liners for internal-combustion engines. 

Recent Developments in the Field of High-Permeability /Low- 
Alloy Materials. A.S. Zaymovskiy. (Kachestvennaya Stal, 1937, 
No. 8, pp. 10-13). (In Russian). The author briefly reviews the 
alloys with special magnetic properties which have been recently 
developed in America and Japan; these include transformer iron, 
Permalloy, Perminvar, Permendur and the new Japanese nickel-free, 
iron-silicon-aluminium alloy ‘ Sendust,” which has properties 
similar to those of Permalloy. 

Permanent-Magnet Steel with a High Nickel and Low Aluminium 
Content. Part Il. B. G. Livshits and D. A. Gringaus. (Kachest- 
vennaya Stal, 1937, No. 12, pp. 39-43). (In Russian). The authors 
continue their account of the investigation of the optimum composi- 
tion and heat treatment for nickel-aluminium magnet steels (see 
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p.52.). ‘They compare the magnetic properties of 30/12, 32/12 and 
30/10 nickel-aluminium steels and those of the 28/11 steel which they 
previously investigated. The 28/11 steel has the best magnetic 
properties, as regards both remanence and coercive force. The most 
suitable heat treatment for this steel, irrespective of cross-section, is 
to oil-quench from 1275-1300° C., with subsequent tempering at 
650-670° C. It is claimed that the 28/11 nickel-aluminium steel is 
better than the previously investigated nickel-aluminium steels with 
a low nickel and high aluminium content, particularly in regard to the 
permanency of its magnetic properties. In certain special cases steel 
containing nickel 32° and aluminium 12% may find applications. 

Magnetic Chromium-Molybdenum Steel with 15°, of Cobalt. 
V. A. Erakhtin and A. V. Ostapenko. (Kachestvennaya Stal, 1937, 
No. 8, pp. 17-22). (In Russian). The steel investigated contained 
0:94% of carbon, 0-20% of silicon, 0:23% of manganese, 9-32% of 
chromium, 150% of molybdenum and 14-55% of cobalt. The 
metal was melted down in a 3-ton basic arc furnace and cast into 
200-kg. ingots, which were allowed to cool, annealed at 880° C., then 
cooled at the rate of 30° per hr. and rolled down to a 13 mm. x 
33mm. strip. The investigation itself was concerned with the study 
of the effect of a variety of heat-treatment procedures on the 
magnetic properties of the steel, and it included a study of the 
effects on these properties of superheating, the methods of dealing 
with material which had been superheated and also the effect of 
artificial ageing at 100° C. Suitably heat-treated material, when 
tested in a field of 100 oersted, was found to have a coercive force of 
> 150 oersted and a remanence of 7000 gauss. 

On the Relation between the Precipitation Processes and the 
Magnetic Hardness of Permanent-Magnet Alloys of the Iron-Nickel- 
Aluminium and the Iron-Nickel-Copper Systems. H. Bumm and 
H. G. Miller. (Wissenschaftliche Veréffentlichungen aus den 
Siemens-Werken, 1938, vol. 17, No. 4, pp. 425-435). The authors 
studied the changes in relation to time which take place in the coer- 
cive force, initial permeability and «'ectrival resistance of quenched 
magnetic alloys of the iron-nickel-aiuminium and the iron-nickel- 
copper systems on being tempered. They show by means of X-rays 
that in the iron-nickel-aluminium alloys in the magnetic state a 
heterogeneous precipitation in two body-centred phases takes place. 
In iron-nickel-copper alloys the coercive force only reaches its 
maximum value when the precipitation is complete. The maximum 
coercive force corresponds to a definite degree of coagulation in the 
heterogeneous phase. : 

On the Interpretation of the Relationship between the Elastic 
Modulus and the Damping of Ferrous Magnetic Materials. M. 
Kornetzki. (Wissenschaftliche Veréffentlichungen aus den Siemens- 
Werken, 1938, vol. 17, No. 4, pp. 410-424). The author shows that 
the relationship of the elongation to the stress of a ferrous magnetic 
material is similar to that of the magnetisation to the strength of the 
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magnetic field. Basing his investigations on J. W. Rayleigh’s law 
for magnetisation in weak fields, he studies the elongation under 
small alternating stresses, and arrives at the following conclusions : 
(1) At low stresses the modulus of elasticity decreases directly as 
the stress increases; (2) the logarithm of the damping decrement 
increases directly with increase of stress; and (3) a mathematical 
relationship exists between the decrease in the modulus of elasticity 
and the increase in the damping. The author found that the 
results he obtained experimentally were in agreement with those 
obtained by calculation. 

The Influence of Small (“ Homeopathic ’’) Additions on Trans- 

former Steel. V. S. Mes’kin and Yu. M. Margolin. (Kachest- 
vennaya Stal, 1937, No. 8, pp. 22-26). (In Russian). A study was 
made of the effect of small additions (less than 0-05%) of titanium, 
vanadium, aluminium and beryllium on the structure of ingots and 
on the magnetic properties of vacuum-melted transformer steel, 
and also on transformer steel melted under ordinary conditions. 
Alloys prepared by vacuum melting were also used to study the 
effect of these small additions on the corrosion-resistance of trans- 
former steel in an atmosphere containing sulphur dioxide and 
carbon dioxide. It was found that small additions, in particular of 
titanium and vanadium, had a marked effect on the structure of the 
ingots by promoting grain refinement and reducing piping. Such 
additions also favoured the growth of secondary grains in transformer 
steel, and resulted in a considerable reduction of its coercive force 
and, consequently, a reduction of the hysteresis losses. The amount 
of alloying constituent necessary to produce the best magnetic 
properties is not the same as that required to cause primary crystal- 
lisation, and the experiments should therefore be repeated on a large 
scale. 
Design of Members Subjected to Creep at High Temperatures. J. 
Marin. (Transactions of the American Society of Mechanical 
Engineers, 1937, vol. 59, pp. A21-a24). The author discusses the 
stresses in machine and structural members subjected to high 
temperatures as determined by theories advanced by R. W. Bailey 
and St. Venant. He compares the results obtained by the applica- 
tion of these two theories, and shows that the theoretical results of 
each are all in agreement with the test results. 

Relaxation Tests on 0°35°/, Carbon Steel (K20) at 850° F. N. L. 
Mochel. (Transactions of the American Society of Mechanical 
Engineers, 1937, vol. 59, pp. 453-455). The author describes a 
series of tests on specimens of 0-35°%, carbon steel in which the 
permanent set produced by keeping the specimen under load at 
850° F. for a period of 50 hr., followed by two periods of 100 hr. and 
one period of 250 hr., was measured, successive specimens being 
subjected to tensile stresses of 5000, 10,000 and 20,000 lb. per sq. in. 

A Relaxation Test on 0°35°% Carbon Steel (K20). E. L. Robinson. 
(Transactions of the American Society of -Mechanical Engineers, 
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1937, vol. 59, pp. 451-452). The author discusses a “ flow-rate 
test’ which is intended to simulate what happens in a bolt in an 
unyielding flange. In this test a relatively high initial stress is 
applied, but a specified total extension is not exceeded ; the initial 
creep is rapid, and the applied load is reduced each time the total 
extension reaches the specified limit. The immediate reduction in 
elastic extension with each reduction of load permits further creep 
within the limit, and this creep takes place more and more slowly, 
owing to the reduction of load and to the improvement in the 
strength of the material. The author presents a mathematical 
discussion of the results obtained on testing a specimen of 0-35% 
carbon steel in this manner. 

Constant Strain-Rate Tests on 0°35°, Carbon Steel (K20) at 
850° F. A. Nadai and E. A. Davis. (Transactions of the American 
Society of Mechanical Engineers, 1937, vol. 59, pp. 447-450). The 
authors report upon an investigation by means of accelerated tests 
of the effect of the rate of deformation upon the yield stress of metals 
at high temperatures. In this case stresses were applied to produce a 
constant rate of strain on specimens of a 0-35% carbon steel at 850° F. 

Comparative Effects of Late Additions of Titanium and Silicon to 
Gray Cast Iron. G. F. Comstock and E. R. Starkweather. (Trans- 
actions of the American Foundrymen’s Association, 1938, vol. 46, 
pp. 353-369). The authors discuss the results of tests on 
low-carbon low-sulphur irons, high-carbon low-sulphur irons, and 
low-carbon high-sulphur irons, containing chromium in varying 
quantities up to 0-75%, which were treated shortly before casting 
with either foundry ferro-titanium (titanium 20%, silicon 20%, 
carbon 0-3%, aluminium 0-4% and impurities other than iron not 
exceeding 0-1°%) or ferro-silicon. A comparison of the test results 
showed that increasing the quantity of ferro-titanium increased the 
strength and hardness, whilst additions of ferro-silicon sometimes 
resulted in a slight increase, and sometimes in a slight decrease, 
in these properties. The improvement resulting from the addition 
of titanium was largely due to the fineness of the graphite, and was 
more marked in the high-carbon and high-sulphur irons. The 
specimens containing titanium showed fewer flaws in the fractures 
than either the untreated irons or those treated with ferro-silicon. 

Cast Iron in Engine Construction. A. Le Thomas. (Mémoires de la 
Société des Ingénieurs Civils de France, 1938, vol. 91, Mar.—Apr., 
pp. 212-229). ‘The author discusses the properties required in cast 
iron for making internal-combustion engines, steam-engine cylinders 
and turbine housings. 

Alloy Iron. W. L. Allen. (Australasian Engineer, 1938, vol. 
38, Oct. 7, pp. 15-18, 43-46). In this paper on cast-iron alloys the 
author has chosen a few of the many qualities available, and he 
discusses the underlying principles governing the selection from these 
of an iron for a particular application. He gives special attention 
to the properties of the nickel and nickel-chromium cast irons. 
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Special Cast Irons and Their Applications. M. Ballay. 
(Mémoires de la Société des Ingénieurs Civils de France, 1938, 
vol. 91, Mar.—Apr., pp. 230-245). The author discusses the properties 
imparted to cast iron by additions of the alloying elements nickel, 
chromium, copper, titanium, vanadium and molybdenum. 

The Relationship Between the Structure and the Tensile Strength 
of Grey Cast Iron. H. Hanemann and A. Schrader. (Archiv fiir 
das Eisenhiittenwesen, 1938, vol. 12, Nov., pp. 253-256). The 
authors’ investigations of the structure and tensile strength of grey 
cast iron reveal that when other conditions are equal, the tensile 
strength decreases as the ratio of the actual carbon content to the 
eutectic carbon content decreases. They describe the tests they 
carried out on cast specimens 10 to 60 mm. in diameter which confirm 
this theory. 

Deoridation and Graphitisation of Cast Iron. R. G. McElwee. 
(Transactions of the American Foundrymen’s Association, 1938, vol. 
46, pp. 341-349). The author discusses the use of cast wedge- 
shaped test-pieces which show the transition from white iron at the 
narrow end to grey iron at the broad end, by means of which the 
foundryman can study the hardness and the methods of controlling 
it. He suggests a means of producing castings which are of con- 
trolled hardness at any specified section. The method involves the 
simultaneous addition of alloying elements—for example, silicon 
and chromium—which theoretically neutralise each other, but in 
practice can be so balanced that the chromium will be most effective 
in producing hardness at the heavy section and the silicon will act as 
a graphitiser in the light section. 

A System for the Investigation of the Mechanical Properties of 
Cast Iron. J. E. Hurst. (Metallurgia, 1938, vol. 18, Oct., pp. 197- 
200). The author describes and explains the methods of testing 
cast irons based upon the use of annular ring-shaped specimens. The 
procedure is as laid down in the British Standard Specifications for 
Aircraft Material, Cast Iron Piston Ring Pots, 4K6 and 5004. This is 
already an accepted method of testing centrifugally-cast pipes, cast- 
iron cylinder liners and piston rings, and the author is of the opinion 
that the system could be more generally adopted for acceptance tests. 
Some testing machines with automatic devices for plotting stress- 
strain curves are illustrated and described. 

High-Duty CastIron. J. Arnott. (Nickel Bulletin, 1938, vol. 11, 
Nov., pp. 233-236). The author describes how various high-duty 
cast irons having a dependable strength of over 20 tons per sq. in. 
can be made in the cupola or electric furnace, and discusses the 
properties of these irons with particular reference to the influence of 
additions of nickel and molybdenum. 

Foundry Pig Iron from German Ores Low in Iron and its Use in 
the Foundry. M. Paschke and C. Pfannenschmidt. (Giesserei, 
1938, vol. 25, Oct. 21, pp. 539-546). After reviewing the process of 
the reduction of German ores low in iron and high in silica, the 
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authors proceed to a discussion of the mechanical properties and 
structure of sand-cast and chill-cast pigs made from these ores. 

Heat-Resisting Steels and Irons. L. Sanderson. (Industrial 
Chemist, 1938, vol. 14, Nov., pp. 481-483). The author discusses the 
properties of the nickel-chromium heat-resisting steels and their 
application in the chemical industry. He presents tables showing 
the safe working loads and coefficients of expansion for six different 
analyses of nickel-chromium steels at temperatures up to 1100° C. 

Chromium-Molybdenum-Manganese and Chromium-Tungsten- 
Manganese Heat-Resisting Steels. A. M. Borzdyka. (Kachest- 
vennaya Stal, 1937, No. 8, pp. 33-36). (In Russian). The author 
reviews some of the previous work as well as his own investigations 
on the effect of additions of tungsten or molybdenum to steels 
containing chromium 18% and manganese 8%. Steels containing 
one or other of these elements appear to possess certain properties 
which would make them suitable substitutes for chromium-tungsten- 
nickel steel and it seems that molybdenum may take the place of 
tungsten. 

A New Low-Alloy Pearlitic Steel for High-Temperature Service. 
C. L. Clark. (Transactions of the American Society of Mechanical 
Engineers, 1937, vol. 59, pp. 541-544). In this paper the author 
discusses the properties of a heat-resisting steel containing about 
15% of molybdenum, and shows that in the calorised state it offers 
a high resistance to corrosion by oxidation and sulphur dioxide, and 
that the high creep strength of the steel prevents the calorised sur- 
face from cracki 

On the Mechanical Qualities of Open-Hearth Steels. K. 
Kurokawa. (Scientific Papers of the Institute of Physical and 
Chemical Research, Tokyo, 1938, vol. 34, Oct., Part II., pp. 1322- 
1355). In summarising the results of laboratory tests on nickel, 
nickel-chromium and _ nickel-chromium-molybdenum steels, the 
author shows that when the chromium content is increased to 2-3% in 
a chromium or chromium-molybdenum steel, the mechanical proper- 
ties are so much improved that there is scarcely any need for the 
Japanese industry to use nickel steels, and this would be an economic 
advantage to Japan, which has to import nickel to meet its require- 
ments of that metal. 

The Present Status of the Low-Alloy High-Strength Steels. E. fF’. 
Cone. (Metals and Alloys, 1938, vol. 9, Oct., pp. 243-254). The 
author presents a survey of the numerous low-alloy, high-strength 
steels now on the American market, and discusses their physical 
properties. The names of the companies producing the steels and the 
trade names for the various qualities are given. 

Nickel Alloys in Electrical Communication Equipment and 
Electrical Measuring Instruments. T. Sakamoto. (Japan Nickel 
Review, 1938, vol. 6, Oct., pp. 504-511). The author discusses the 
magnetic properties of the nickel-iron alloys and their application in 
telegraph and telephone instruments. 
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Nickel Alloys for Generators, Motors and Transformers. H. 
Yamashita. (Japan Nickel Review, 1938, vol. 6, Oct., pp. 496- 
503). The author notes the rapid increase in the use of electrically 
driven machinery in Japan, and in this paper discusses the increased 
application of nickel-steel parts in generators, motors and trans- 
formers. 

Chromium-Silicon-Vanadium Steel E172 as a Substitute for 
High-Speed Steel. D. G. Zhitnikov. (Kachestvennaya Stal, 1937, 
No. 12, pp. 24-29). (In Russian). The H#/172 steel contains 11- 
13% of chromium, 2-1-2:5% of vanadium, 1-1-1-7% of silicon, 
1-1-5% of carbon and up to 0-4% of manganese. The author 
describes in detail an investigation of the suitable conditions for 
forging, annealing and welding this alloy, and studies its hardness, 
macro- and micro-structure and magnetic properties, its machine- 
ability and its application for cutting tools. His general conclusion 
is that this steel could replace high-speed tungsten steel for cutting 
soft (150-180 Brinell) steel, provided that a cutting speed of 18-20 m. 
per min. was used with efficient cooling. The best cutting properties 
in the steel were obtained by quenching from 1240-1260° C. and 
double tempering at 530-550° C. 

Replacement of Imported Steel in the Production of Tools at 
the Kagonovich Works. R. Ya. Yuzefovich and M. E. Ivanov. 
(Kachestvennaya Stal, 1938, No. 12, pp. 29-34). (In Russian). 
Experiments relating to the choice of steel free from imported 
alloying constituents for the production of guillotine knives for use 
in the paper industry, for knives for the tobacco industry and for 
blades of wood planes and similar tools are described. All the steels 
used were free from nickel; chromium, vanadium and tungsten 
were used as the alloying constituents. The mechanical properties 
of these steels and the suitable heat treatment are discussed. 

Metallurgy in Relation to Mine-Haulage Gear. J. H. Andrew. 
(North Staffordshire Institute of Mining Engineers, Oct. 3, 1938: 
Iron and Coal Trades Review, 1938, vol. 137, Oct. 28, p. 695). The 
author discusses the properties and heat treatment of wrought iron 
and its application for mine-haulage gearing, and concludes by 
noting that a normalised low-carbon steel containing approximately 
1-5% of manganese has been used for this purpose at certain collieries 
for 3 or 4 years and, so far as is known, no failure has yet occurred. 

Practical Problems in Spring Design. W.R. Berry. (Proceed- 
ings of the Institution of Mechanical Engineers, 1938, vol. 139, 
pp. 431-467). The author draws attention to the difficulties facing 
the engineer to whom spring design is merely incidental. These 
difficulties are mainly due to the complicated formule concerned, to 
lack of information regarding the materials, and to incorrect 
appreciation of the real functions of the spring. Standard formule 
require corrections for the effect of curvature; without these 
adjustments very dangerous results can be obtained. Corrections 
due to Wahl and Woods are incorporated in the formule, and finally 
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two nomograms, for stress and deflection calculations respectively, 
are produced to enable these involved formule to be handled easily 
and rapidly. 

The Composition and Treatment of Steels. A. Salmony. 
(Engineering and Boiler House Review, 1938, vol. 52, Oct., pp. 270- 
272; Nov., pp. 308-310). In these two articles the author discusses 
the properties of heat- and corrosion-resisting steels which have been 
developed in Germany and America during the last two or three 
years, with particular reference to their application in boiler con- 
struction. In the first part he presents tables of the properties of 
the German “ Nichrotherm” and “ Ferrotherm” steels; the 
former are generally known as the NCT alloys, and contain about 
0-25-0-35% of carbon, 1-8-2:2% of nickel, 2-1-4-5°% of chromium 
and 0:15-0-80% of molybdenum ; and the latter are known as the 
FF alloys, their principal constituents being chromium and silicon, 
in addition to iron. In the second part the author discusses the 
development of manganese steels and the effect of additions of small 
percentages of other elements such as vanadium and molybdenum. 

The Powder Metallurgy of Iron with Particular Reference to 
“ Pacteron.”” W. D. Jones. (Foundry Trade Journal, 1938, vol. 
59, Dec. 1, pp. 401-402). After referring to the applications of some 
non-ferrous compacts made by pressing together, in a die, mixtures 
of metals in fine powder form and sintering them, the author discusses 
the work of E. K. Offermann, H. Buchholtz and E. H. Schulz in 
producing a steel from carbonyl iron powders (see Journ. I. and §.1., 
1936, No. II., p. 264 a). As carbonyl iron powder is expensive, 
search was made for a cheaper material, and eventually a means 
was discovered by which cast-iron grit used for shot-blasting could 
be sintered. From this material an English company is now 
manufacturing “ Pacteron ” iron powder, and the author describes 
the physical properties of the powder and the compact made from it. 
In conclusion he mentions some of the new materials now available 
as a result of a process having been developed by means of which 
almost any conceivable alloy can be manufactured in the form of a 
fine powder. Using such material, it is now possible to make 
materials consisting of mixtures of immiscible metals (e.g. iron and 
lead) and of metals and non-metals every particle of which contains 
hundreds of nuclei of all the constituents. In these materials the 
state of sub-division is so fine that no segregation occurs when the 
powders are sintered. It is proposed to call these peculiar varieties 
of the new powders “emulsified powders.” In conclusion the 
author draws attention to the many aspects of powder metallurgy 
which await further research. 
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(Continued from pp. 58 a—65 a) 


Notes on the Evolution of Ferrous Metallurgy. A. A. Bates. 
(Industrial Heating, 1938, vol. 5, Oct., pp. 888-894, 916, 920), 
The author briefly reviews some of the discoveries relating to ferrous 
metallurgy which have been made since 1870. 

The Development of Metallography. H. Morrogh. (Bulletin 
of the British Cast Iron Research Association, 1938, vol. 5, Nov., pp. 
268-271). The author traces the history of metallurgical discoveries 
from 1665, when Robert Hooke published “ Micrographia,” paying 
special tribute to Dr. H. C. Sorby, who in 1861 devised a suitable 
technique for the preparation and examination of metallic micro- 
specimens, Referring to the recent introduction of the projection 
microscope which has entirely overcome all vibration difficulties, 
the author states that there is one with an objective with a numerical 
aperture of 1-6 corrected for use with light of wave length 4359 A., 
with which Wrighton has obtained a resolution of 200,000 lines 

r inch. 
i Discussion on ‘ Non-Destructive Testing.’? (Joint Committee 
on Materials and Their Testing, Nov. 25, 1938). The following 
papers were read at a discussion on non-destructive testing 
arranged by the Joint Committee on Materials and Their Testing 
held at the Institution of Electrical Engineers : 


A. P. M. Fiemine and B. G. CourcuEer: The Non-Destructive 
Testing of Materials by Electrical and Magnetic Methods. 

R. BrertHotD: Non-Destructive Testing Based on Magnetic 
and Electrical Principles. 

V. E. Puttm: Radiography—An Aspect of Non-Destructive 


Testing. 

J. E. De Graar: Industrial Radiography on the Continent of 
Europe. 

8. F. Dorny : Acoustic and General Methods of Non-Destructive 
Testing. 


F. Foérster and W. Koster: Modulus of Elasticity and 
Damping in Relation to the State of the Material. 

H. H. Lester, R. L. Sanrorp and N. L. Mocusrn : Non-Destruc- 
tive Testing in the U.S.A. 


Report of Committee on Radiography.—1938. (Transactions of the 
American Foundrymen’s Association, 1938, vol. 46, pp. 280- 
294). This is a report of Sub-Committee I. on the Radiography 
of Cast Metals, with C. W. Briggs as Chairman, which was appointed 
by Committee H-7 on Radiographic Testing of the American 
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Society for Testing Materials, The report embodies the replies 
received to a questionnaire sent to 251 American foundries. All 
the questions related to the use of X-rays or gamma-rays for the 
examination of castings. Only 49 replies were received, and these 
on the whole favoured an extension of the use of X-rays. Where 
objections were raised, these were principally on the ground of the 
high cost of the apparatus. (See also H. H. Lester, Bulletin of the 
American Society for Testing Materials, 1938, Oct., No. 94, pp. 
5-13: this Journal, p. 59 a.) 

The Molecular Basis of the Strength of Materials. W. Bragg. 
(Seventh Andrew Laing Lecture, North-East Coast Institution of 
Engineers and Shipbuilders, Nov. 8, 1938). The author explains 
the theory of the structure of materials, showing how their proper- 
ties depend upon the atomic composition, on the way in which 
the atoms are grouped to form molecules and the arrangement of the 
molecules to form the materials. He demonstrates how, by means of 
X-rays, it has become possible to observe and study the details of the 
atomic arrangements on which ultimately every property of material 
depends. In the concluding part of his lecture the author explains 
the principles upon which the phenomena of slip, creep and fatigue of 
metals depend. 

Electron Diffraction and the Structure of Surfaces. (Metal 
Treatment, 1938, vol. 4, Autumn issue, pp. 108-109, 119). The 
principles upon which the investigation of metallic surfaces by 
electron diffraction are carried out, with particular reference to 
the electron camera of G. I. Finch, are explained. 

Some Structural Peculiarities in Chromium-Alloy Ball-Bearing 
Steel. Ya. P. Sellisskiy. (Kachestvennaya Stal, 1937, No. 12, pp. 
34-37). (In Russian). A study was made by X-rays, microscopic 
examination and hardness tests of the solution of carbide and accom- 
panying differences in the carbon concentration of the neighbouring 
austenite grains in steel containing 1% of carbon and 15% of 
chromium. A distinct irregularity in the distribution of the carbides, 
even after prolonged heating, was observed. 

Spheroidised Pearlitic Malleable. D. P. Forbes. (Transactions 
of the American Foundrymen’s Association, 1938, vol. 46, pp. 
491-507). The author discusses the retarding effect which manga- 
nese has on the formation of graphite in “spheroidised pearlitic 
malleable” iron. This is an iron produced from white cast iron 
containing elements which retard graphitisation, and in which the 
cementite has been decomposed and the carbide incompletely graphi- 
tised, thus producing a microstructure containing temper-carbon 
and spheroidised cementite in a matrix of ferrite. As a result of his 
investigations the author finds that varying the manganese content 
has little, if any, effect on the limit of solubility of combined carbon in 
austenite in the presence of temper-carbon, and that the amount of 
combined carbon remaining in the material after the spheroidisation 
Increases with increased manganese content. 
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The Formation of Graphite in Gray Iron. A. Boyles. (Transac- 
tions of the American Foundrymen’s Association, 1938, vol. 46, 
pp. 297-334). The author attempts to formulate a theory which will 
account for the mechanism of the freezing of grey cast iron, and to 
explain the variation in the size of the graphite flakes in terms of the 
changes in composition which occur during the freezing. He points 
out the relationship between these changes in composition and the 
sulphur and manganese contents, and the conditions under which the 
iron is melted. His conclusions are : (1) In eutectic grey iron the 
graphite flakes form during the freezing of the eutectic and grow 
radially from the crystallisation centres of the eutectic liquid. For 
a given rate of cooling, the size of the flakes is determined by the rate 
of graphitisation along the solid-liquid interface ; (2) the amount of 
sulphide remaining in solution in the eutectic liquid is determined by 
the extent to which sulphide inclusions have been precipitated in the 
melt above the eutectic temperature; and (3) manganese, by changing 
the solubility of the sulphide, limits the amount remaining in solution 
along the solid-liquid interface during the growth of the graphite 
flakes. 

On the Process of Graphitisation in Cast Irons. E. Piwowarsky. 
(Giesserei, 1938, vol. 25, Oct. 21, pp. 523-533). The author shows 
that the theory of the simultaneous existence of the iron/graphite 
and the iron/iron-carbide systems is intimately bound up with the 
kinetics of the reactions in the liquid phase. Using cooling curves 
for a number of cast irons obtained by means of an automatic 
recording apparatus, he studies the graphitisation and develops a 
crystallisation diagram which demonstrates the solidification pro- 
cess in white and grey cast irons. His calculations, based on the 
transfer of energy, confirm the conclusions drawn from the cooling 
curves. He defines the conditions under which graphitisation 
proceeds via the decomposition of the iron carbide. The causes of 
the abnormal formation of ferrite in thin-walled castings are 
explained and used to supplement the crystallisation diagram. In 
conclusion he shows that the carbide reversal which often takes place 
when molten cast iron is strongly superheated is related to the forma- 
tion of ferrite caused by the decomposition of the carbide. 

Formation of Segregated Graphite and Eutectoid Graphite in 
Grey Pig Iron. H. Hanemann and A. Schrader. (Archiv fiir das 
Eisenhiittenwesen, 1938, vol. 12, Nov., pp. 257-259). The view that, 
after solidification, graphite can only form in cast iron through 
the decomposition of cementite has already been disproved by W. 
Tangerding. The authors of this paper show that the graphite 
in grey iron separates out directly from the y solid solution, and 
that it generally crystallises on to the graphite which has formed 
during solidification. Sometimes, however, minute independent 
crystals form, and these occasionally arrange themselves in flat 
thin flakes in the form of the Widmannstitten structure. The 
graphite eutectoid which forms at the A, point on cooling does not 
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show any fine and even distribution of the graphite and ferrite 
particles, but crystallises on to the already existing graphite veins, 
thus isolating the ferrite ; the iron-silicon-carbon diagram does not 
permit of any other explanation of the formation of ferrite in ordinary 
grey cast iron. 

What We Do Not Know about Cast Iron. J. E. Hurst. (Insti- 
tute of British Foundrymen: Foundry Trade Journal, 1938, 
vol. 59, Nov. 24, pp. 387-388, 391: Iron and Steel Industry, 1938, 
vol. 12, Nov., pp. 175-176). The author divides the questions 
concerning cast iron which require further investigation into two 
classes: those concerning metallography and constitution and 
those concerned with the practical manufacture and industrial use 
of cast iron. In the former category are such subjects as the 
magnitude and nature of undissolved impurities, the nature and 
quantities of dissolved gases and the metallography of the changes in 
cast iron caused by hardening and tempering. In the latter category 
come such questions as the effect of cupola melting conditions upon 
the properties of the castings, the character of the coke and its 
influence on the total carbon content of the iron and the conditions 
governing the amount of carbon picked up by the iron in the cupola, 

Contribution to the Knowledge of the Structures Formed during 
the Hot-Galvanising Process. H. Grubitsch and F. Briickner. 
(Korrosion und Metallschutz, 1938, vol. 14, Oct.—Nov., pp. 345-349). 
The results of an investigation of the structures of iron-zinc alloys 
and of the boundary layer of a hot-galvanised steel sheet by means 
of specimens etched with an acid-alcohol iodine solution and with an 
alkaline picric-acid/sodium-hydrate solution are presented. 

The Development of the Primary Structure of the Stainless 
Chromium Steels. H. Siegel. (Stahl und Eisen, 1938, vol. 58, 
Nov. 3, pp. 1218-1225). By studying the sections of numerous 
specimens of chill-cast stainless steels, the author demonstrates 
the relationships which exist between the primary crystallisation, 
the number of nuclei, the rate of crystallisation, the casting tem- 
perature and the rate of cooling. His observations confirm the 
theory by which G. Tammann explains the effects of the number of 
nuclei and the rate of crystallisation upon the solidification in the chill. 

Methods of Controlling Grain Size in Chromium Steel. (Kachest- 
vennaya Stal, 1937, No. 8, pp. 40-41). (In Russian). This is a 
short note summarising practical works experience. Grain-size 
control was achieved by the addition of varying amounts of 
aluminium. Graphs showing the relationship between the amount 
of aluminium added per ton of steel and the grain size are presented. 

The Melting of Alloy Steels to Produce a Given Grain Size. F. 
Filipycheva and I. N. Golikov. (Kachestvennaya Stal, 1937, No. 9, 
pp. 4-18). (In Russian). In the introduction the authors refer 
to previous work which has shown that in the case of some steels, 
grain size has no direct relation to the physical properties, and that 
consequently there is no object in trying to obtain any given 
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grain size. Grain size is, however, of importance in a number of 
chromium-bearing tool steels, in structural steels containing con- 
siderable additions of chromium, nickel, or tungsten with chromium, 
nickel or molybdenum, as well as in the low-alloy structural steels 
which are not subjected to case-hardening. The object of the 
investigation, which was carried out on a large scale, was to study 
methods of obtaining that grain size in the particular steel which 
would impart the best properties. To do this the influence of 
various factors relating to the melting, refining, deoxidising and 
pouring practice was studied. In conclusion a number of “ minute- 
by-minute ”’ melting instruction schedules are described, in which the 
exact composition of the furnace charge is given and all the additions 
and treatments during melting are listed. These instructions show 
the melting procedure to be adopted to obtain a given grain size 
in low chromium and nickel steels. 

The Iron/Iron-Sulphide/Vanadium-Sulphide/Vanadium System. 
R. Vogel and A. Wiisterfeld. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, Nov., pp. 261-268). By heat treatment and micro- 
scopic examination the authors examined the equilibrium conditions 
of the iron/iron-sulphide/vanadium-sulphide/vanadium system up 
to 90% of vanadium and 30% of sulphur. Iron sulphide and 
vanadium sulphide form an uninterrupted series of solid solutions, 
The melting point of vanadium sulphide is assumed to lie between 
1800° and 2000° C. Vanadium and vanadium sulphide are miscible 
in any proportion in the liquid state and crystallise as a eutectic. 
The eutectic point is at 1312° C. and 12% sulphur. The evaluation 
of the iron/iron-sulphide/vanadium-sulphide/vanadium portion of 
the constitutional diagram shows that the solubility plane of the 
high-melting-point vanadium sulphide projects far into the iron 
corner. There is a limiting equilibrium (M,M,) between a binary 
iron-vanadium solid solution and pure vanadium sulphide. For the 
reason the system examined divides into two areas. In this 
towards the iron-vanadium side, the alloys consist of iron-vanadium 
solid solutions containing over 5% of vanadium and vanadium 
sulphide ; in the other, on the iron-sulphide/vanadium-sulphide side, 
the alloys consist of iron-vanadium solid solutions containing less 
than 5% of vanadium and of solid solutions of iron sulphide and 
vanadium sulphide. In conclusion the authors discuss the transition 
of the pseudo-binary iron/vanadium-sulphide limiting plane into 
the actually not pseudo-binary plane M,M,, and the influence of 
the decomposition of the iron-vanadium solid solutions on the 
ternary structure. 
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(Continued from pp. 66 4-70 A) 


The Corrosion of Metals by Salt Solutions and Natural Waters— 
An Agreed Statement. G. D. Bengough, U. R. Evans, T. P. Hoar, 
and F. Wormwell. (Chemistry and Industry, 1938, Nov. 5, 
pp. 1043-1047). ‘Two groups of investigators, working respectively 
in the Chemical Research Laboratory, Teddington, and in the 
Metallurgical Laboratories of Cambridge University, have published 
a large number of papers on the corrosion of metals in which the 
conclusions reached by the two groups have often been similar, but 
sometimes have appeared very difficult to reconcile. Conversations 
have taken place with a view to resolving the main points at issue, 
with the result that agreement has been reached on most of them. 
This paper is a summary of the points on which the two groups were 
in agreement. 

The summary is in three parts; the first deals with electro- 
chemical mechanism and the function of oxygen under the heading 
of “‘ General Factors’; the second is concerned with the distribution 
of attack and is divided into two sections, one on corrosion under 
conditions of total immersion and the other on corrosion under 
conditions of partial immersion. In the concluding part the factors 
determining the velocity of corrosion are considered. 

On the Durability of Cast-Iron Kettles in the Chemical Industry. 
A. Geissel. (Giesserei, 1938, vol. 25, Nov. 4, pp. 564-566). The 
author discusses the points on which the buyer should give complete 
information to the foundry when ordering a cast-iron kettle for a 
specific purpose ; these are the nature of the chemical to be used in 
it, its concentration, the maximum and minimum temperature to 
which the kettle will be subjected, the frequency of the temperature 
changes and the method of heatingemployed. He considers next the 
analyses of cast iron which will be most suitable for particular cases 
with particular reference to the ratio of the combined carbon to the 
graphitic carbon, and presents a table showing how the solubility 
rate of cast iron decreases as this ratio increases. 

Pitting Resistance of Metals under Cavitation Conditions. J. M. 
Mousson. (Transactions of the American Society of Mechanical 
Engineers, 1937, vol. 59, pp. 399-408). The author describes the 
experimental apparatus and the test procedures adopted to deter- 
mine the resistance of plain and alloyed cast irons, and plain and 
alloyed, cast, rolled, forged and welded steels to cavitation erosion. 
The test stand used was adapted from one developed by Walchner, 
and to accelerate the tests the water was passed over the specimens 
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at a pressure of 480 Ib. per sq. in. The results are presented in a 
series of tables showing the losses in weight after 16-hr. tests for all 
the different specimens. 

Cavitation on Marine Propellers. L. P. Smith. (Transactions 
of the American Society of Mechanical Engineers, 1937, vol. 59, 
pp. 409-431). The author defines the terms used in connection with 
the cavitation erosion of marine propellers and hydraulic turbines, 
discusses the theoretical and experimental research into the 
mechanics of cavitation and its effect on thrust, torque and efficiency, 
and develops his own theories in explanation of these effects. 

The Effect of Alloy Additions on the Resistance of Steel to 
Hydrogen Attack under High Pressure. F. K. Naumann. (Stahl 
und Eisen, 1938, vol. 58, Nov. 3, pp. 1239-1249). The author refers 
to his earlier investigations of the effect of hydrogen on unalloyed 
steel in relation to pressure, temperature and time (see Journ. I. and 
S.I., 1937, No. II., p. 244 a), and now reports the results of investiga- 
tions commenced in 1927 at Krupps’ laboratories in Essen to deter- 
mine the influence of alloying elements in steel on the rate of attack 
by hydrogen under high pressure. During the experiments parti- 
cular attention was paid to the use of those elements which formed 
stable carbides. The non-carbide-forming elements silicon, nickel 
and copper have no effect on the resistance to hydrogen. 
Manganese, although not forming a separate carbide in steel, is 
readily absorbed by iron carbide and has little effect as far as 
hydrogen attack is concerned. Additions of chromium, tungsten 
and molybdenum greatly improve the resistance to hydrogen, their 
effect being to stabilise the iron carbide in which they dissolve. 
Above a critical chromium percentage, the actual amount depending 
on the carbon content, further additions of chromium increase the 
resistance to hydrogen attack. The author finds that this has some 
connection with the formation of the carbide (Cr,Fe),C,, or, more 
correctly, with the disappearance of the iron carbide (Fe,Cr),C. 

With regard to vanadium, titanium, zirconium and niobium, he 
finds that small additions of these elements slightly improve the 
hydrogen-resistance properties of steel, but further additions do not 
improve this property, so that tungsten and molybdenum are better 
in this respect. Additions of either of these two elements above a 
critical amount, which depends upon the carbon content, cause a 
sudden and steep rise in the hydrogen-resistance curve. The 
author explains this phenomenon, and shows that steels with 
excellent hydrogen-resistance properties can be produced using 
comparatively small percentages of the alloying elements—in fact, 
the lower the atomic weight of the element the less is the quantity 
required. For example, a 0-10%-carbon steel containing 0-5% of 
titanium or 0-6% of vanadium will have a greater resistance to 
hydrogen than a steel containing the same amount of carbon and 3% 
of chromium. On the other hand, it must be remembered that the 
application of these steels for converters in coal-hydrogenation plants 
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is limited, because they do not offer so good a resistance to 
sulphuretted hydrogen as do the chromium steels, and the latter are 
also more suitable for heavy forgings. 

Investigation of the Oxidation of Metals by High-Temperature 
Steam. A. A. Potter, H. L. Solberg and G. A. Hawkins. (Trans- 
actions of the American Society of Mechanical Engineers, 1937, vol. 
59, pp. 725-732). The authors describe the apparatus used and the 
results obtained in their investigation of the oxidation of steel by 
steam at temperatures up to 1200° F. and pressures up to 1600 lb. 

r sq. in. 

es Combustion Deposits and the Cause of Diseased Boiler Metal. 
H. Gamlen. (Australasian Engineer, 1938, vol. 38, Oct. 7, pp. 29- 
30). The author states that although it is generally presumed that 
the failure of a boiler tube is due to some form of corrosion on the 
water side, this is very often not true, and he goes on to explain the 
process of corrosion caused by deposits of the products of combustion 
containing sulphur. In these cases the evidence of the corrosion on 
the fire side of the metal is usually blown away when the failure 
occurs. 

On the Temperature Coefficient of the Acid-Corrosion of Iron in 
the Presence of Organic Materials. W. Machu. (Korrosion und 
Metallschutz, 1938, vol. 14, Oct.-Nov., pp. 324-340). The author 
investigates the temperature coefficient (7.e. the figure which when 
multiplied by the loss of weight at a given temperature gives the loss 
of weight at 10° C. above that temperature) of the corrosion of iron 
by 20% sulphuric acid and finds that the very high value obtained 
must be due to the rapid movement of the acid layer which is in 
immediate contact with the metal surface. If an organic solution is 
added to inhibit the evolution of hydrogen, the temperature 
coefficient is considerably decreased, even to the extent of coming 
below the value characteristic of the diffusion coefficient. He also 
finds that the temperature coefficient of the acid-corrosion of iron 
oxide is not affected by the presence of organic inhibitors, as no 
protective layer is formed on the iron oxide by adsorption. 

The Present Position of the Problem of the Corrosion of Mild 
Steel by Nitrates. .E. Herzog and A. Portevin. (Métaux et Corro- 
sion, 1938, vol. 13, Oct., pp. 171-176). The authors discuss the 
results of corrosion tests on mild-steel specimens under conditions of 
elastic and permanent deformation in solutions of calcium nitrate 
and ammonium nitrate, and compare them with the results of other 
investigators. 
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Recent Developments in the Chemical Analysis of Cast Iron. 
E. T. Austin. (Bulletin of the British Cast Iron Research Associa- 
tion, 1938, vol. 5, No. 8, Sept., pp. 237-239). The author discusses 
the effect which the presence of alloying elements has had upon the 
standard methods of determining the common elements in cast iron. 
He describes the precautions to be taken to counteract these effects, 
and refers to the new method of determining aluminium when 
chromium is also present, and to the use of benzoinmonoxime and 
other organic reagents for analytical purposes. 

Determination of Copper in Cast Iron and Steel by Means of Di- 
bromo-oxyquinoline. A. Zanko and A. Bursuk. (Berichte des 
Instituts fiir physikalische Chemie, 1938, No. 9, pp. 89-97). The 
authors describe a method of determining copper in cast iron and 
steel using dibromo-oxyquinoline for copper contents exceeding 
007%. 

A Photometric Method of Determining the Phosphorus in Steel. 
G. Bogatzki. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, 
Oct., pp. 195-198). The author states that, as the usual molybdate 
precipitate method of determining the phosphorus content in steel 
is costly when the molybdenum is not recovered, it is useful for 
laboratory purposes to have a rapid alternative method. In this 
paper he describes a method by which the phosphorus is converted 
into phosphoric acid; the latter is then treated with ammonium 
molybdate and ammonium vanadate to form a complex yellow 
compound which is examined photometrically. The estimation by 
this method takes 12-15 min., and with a phosphorus content of 
up to 0-05% the results are accurate within +0-001%. 

A Contribution to the Potentiometric Determination of Vanadium. 
F. Eisermann. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, 
Nov., pp. 245-246). After discussing the existing potentiometric 
process of determining vanadium using potassium permanganate 
and ferrous sulphate, the author describes a new method which is 
both quick and accurate. This new method can be adapted for 
the testing of all vanadium-bearing materials used in iron and steel 
works. 

Determination of Metallic Iron, also Ferric Oxide and Ferrous 
Oxide in Slags. F. Petzold. (Archiv fiir das Eisenhiittenwesen, 
1938, vol. 12, Nov., pp. 237-243). The author discusses the lack of 
methods of determining the iron in slags in the presence of its oxides. 
He examines the hydrogen-evolution method, and shows that it 18 
satisfactory for determining the iron alone, but cannot be used for 
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determining iron and its oxides as well. He discusses next the 
mercuric chloride process which he recommends for the deter- 
mination of iron alone, provided that the slag being tested is in a 
finely divided state. The mercuric chloride process can be used for 
ores under certain conditions when using acetic acid and when the 
iron fractions soluble in acetic acid under the same conditions are 
determined separately. On the other hand, the process was useless 
when the basic slag fractions were dissolved in organic acids, 

The Present Position of Spectrum Analysis, especially that of 
Metal Specimens. W. Gerlach. (Metallwirtschaft, 1938, vol. 17, 
Nov. 18, pp. 1217-1222). After explaining the principles of spec- 
trum analysis as applied to metals, the author describes the methods 
now used to make qualitative and quantitative analyses. In the 
concluding part of his paper the author discusses the evaluation 
of line intensities, and points out the mistakes sometimes made in 
the determination of differences in line intensities, 

The Quantitative Spectrum Analysis of Metals by Flames and 
Spark Flames. H. Lundegardh. (Metallwirtschaft, 1938, vol. 
17, Nov. 18, pp. 1222-1226). The author describes the technique 
employed in carrying out quantitative spectrum analyses of metals 
in the laboratory of the Agricultural High School at Uppsala. He 
discusses in particular the advantages of examining metals in solu- 
tion as compared with the examination of solid specimens. 

An Arc Source for Quantitative Spectral Analysis. C.J. Neuhaus. 
(American Society for Testing Materials, June-July, 1938, Preprint 
No. 51). The author discusses the factors which determine the 
selection of either the flame, or arc, or spark as a means of vaporising 
and exciting the atoms of an element being subjected to spectrum 
analysis, and describes in detail the technique employed to examine 
the spectra of three samples of Monel metal containing small quanti- 
ties of aluminium. 

Notes on the Sampling and Analysis of Coal. A. C. Fieldner and 
W. A. Selvig. (United States Bureau of Mines, 1938, Technical 
Paper 586). The authors describe the methods of collecting mine 
samples adopted by the Bureau of Mines and the Geological Survey, 
the methods used to determine the constituents and the calorific 
value of the samples, and the interpretation and accuracy of the 
results. They conclude with some observations on the standard 
specifications for the classification of coals by rank. 

Investigations on the Determination of Nitrogen in Fuels and the 
Analytical Methods Concerned. W. Mantel and W. Schreiber. 
(Gliickauf, 1938, vol. 74, Nov. 5, pp. 939-945). The authors discuss 
numerous test results obtained by various methods of determining 
the nitrogen in coal and describe the convenient method which they 
themselves have evolved. 


1939—i K 











( 1304 ) 


BOOK NOTICE 





AM 
(Continued from pp. 71 4-74 A) 
ReicHerter, G. ‘‘ Der Kugeldruckversuch nach Brinell, die Harte- 
priifung mit Vorlast, und die Hdrtepriifung nach Vickers.” 
Ein Handbuch fiir den Betriebsmann mit Abbildungen, 
Priifbeispielen und Tabellen. 8vo. pp. 200. Esslingen/ oan 


Neckar, 1938: G. Reicherter; Berlin: Julius Springer. 
(Price 4.50 RM.) 


The firm of Reicherter specialises in the manufacture of measuring 
and testing machines. The publication under review gives a detailed pe 
account of the principles underlying the various methods of indentation- - 
hardness testing, and describes the different patterns of machine manu- 
factured by the firm for carrying out these tests. The machines are of 
advanced design, most of them being adaptable for two systems of Bion 
hardness measurement, and the Brinell and Vickers types being fitted 
with glass screens on which a magnified image of the impression is 
projected. The major portion of the book gives specifications and 
illustrations of the types of testing machine and the special jigs and 
tables for holding test specimens of different shapes and sizes. After 
this descriptive section there follows a short discussion on the choice 
of a suitable testing system, whether Brinell, Vickers, or Rockwell, the Bow! 
first two being given preference on various grounds. Finally there is 
a series of tables for converting the hardness numbers obtained by one 
testing method into equivalent values in other systems, and it may be 





noted here that the Vickers equivalents of Brinell hardness numbers are BREN 

almost, but not quite, identical with those recently standardised in 

this country by the Air Ministry. Apart from its interest as a cata- 

logue, the book will be of value for reference to these comprehensive 

conversion tables, STEPHEN L. ROBERTON. 
Britt 
Bria 
Burt, 
Cask, | 
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(Continued from pp. 78 A—79 A) 


Practical Advantages in the Use of Special Refractories. H. E. 
White. (Industrial Heating, 1938, vol. 5, Oct., pp. 945-952 ; Nov., 
pp. 1061-1063). The author describes what would be an ideal 
refractory material for the lining of metallurgical furnaces, and 
discusses the properties of the special refractories now available in 
America. In the second part of his paper he discusses the applica- 
tions of fused alumina, mullite and silicon carbide refractories. 

Refractories for Steelmaking. D. Petit. (Revue de Métal- 
lurgie, Mémoires, 1938, vol, 35, June, pp. 250-262; July, pp. 
296-308). In a series of articles the author reviews the changes in 
the use of refractories for steelmaking which have taken place in 
recent years, and the present technique employed. In Part I. the 
various refractories used are discussed with particular reference to 
silica, magnesite and chrome-magnesite bricks. Part II. deals with 
their principal properties in relation to their life in a furnace. Part 
III. deals with their application, especially in open-hearth and 
electric furnaces and converters. In an appendix the refractories 
used in subsequent processes of steel production are dealt with. 

Chrome Refractories for Use in the Neutral Course of the Basic 
Open-Hearth Furnace. T. R. Lynam and W. J. Rees. (Bulletin of 
the British Refractories Research Association, 1935, Mar., No. 36: 
Transactions of the Ceramic Society, 1938, vol. 37, Nov., pp. 
481-504). The authors report the results of the tests they made to 
ascertain the effect of the grading of a high-quality chrome concen- 
trate on the physical characteristics of the fired product. They 
found that the mechanical strength of fired test-pieces prepared 
from a chrome batch containing magnesia added as pure magnesium 
oxide in the proportion calculated to convert the serpentine 
present into forsterite was little greater than that obtained with 
the use of a normal chrome batch. A gradual increase in the 
proportion of magnesia added was accompanied by a gradual increase 
in forsterite development, with a consequent increase in mechanical 
strength at high temperatures. More obvious improvements were 
obtained with the use of calcined Grecian magnesite instead of pure 
magnesium oxide. 

Sillimanite as a Refractory for Electric Furnace Roofs. (Iron and 
Steel Industry, 1938, vol. 12, Dec., pp. 205-207). In this article the 
properties of sillimanite bricks and their application for constructing 
the roofs of electric furnaces are discussed. Particular reference is 
made to their low after-expansion, which is often less than 0-04°%, per 
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100° C. rise in temperature. Most important of all is the excellent 
resistance to spalling offered by bricks of this material. Although 
the initial cost of a roof made of sillimanite bricks is about three 
times that of the same size roof made of silica or firebrick material, 
it is claimed that the increased life and general freedom from trouble 
experienced with a sillimanite roof more than repay this additional 
first cost. 

The Use of Andalusite Stoppers in the Tapping of Steel. P. A. Laude 
and V. 8. Trubenkov. (Kachestvennaya Stal, 1938, No. 1, pp. 
37-42). (In Russian). The experimental production of andalusite 
plugs for use in the tapping of 15-, 30- and 225-ton heats from open- 
hearth and electric furnaces is described. The material used con- 
tained on the average 47% of alumina, up to 2% of alkali-metal 
oxides and up to 5% of ferric oxide, the remainder being silica. The 
mean softening point was 1750°C. A clay with silica 13-49%, 
alumina plus titania 33-33% and ferric oxide 1-24% (loss on ignition 
943°), was used as a binder. Various compositions of andalusite 
(uncalcined) and clay mixtures were tried, and very satisfactory 
results were also obtained with an andalusite-fireclay-clay mixture. 
The andalusite refractories were fired at 1380°C. for 100 hr. 
Microscopical examination of the fired products showed that 
transformation to mullite had taken place at the edges of the 
andalusite grains. Experience with stoppers made from andalusite 
refractories, which is summarised in the form of a table, shows that 
their behaviour during the tapping of steel was very satisfactory. 








(1a) 


FUEL 





(Continued from pp. 80 a—81 A) 


Design of Specialised Fuel-Fired Furnaces. J. L. Rundle. 
(Heat Treating and Forging, 1938, vol. 24, Oct., pp. 522-526; Nov., 
pp. 575-577). The author considers the data which are used for the 
calculations necessary to the design of industrial furnaces. He 
stresses the fact that whereas some data, such as a physical constant, 
can be accepted as exact, other data, such as the rate of heat-flow 
from a hot gas to a solid body, may be accurate only within 50%. 
He discusses the variations in temperature and pressure within the 
combustion chamber and within the furnace itself, and concludes by 
describing an oil-fired galvanising bath which is uniformly heated on 
all sides by putting a greater thickness of firebrick at the areas near 
the burner where the flame and gas temperatures are particularly 
high ; this is known as the principle of proportional protection. 

The Swelling of Coal during Combustion. A.C. Dunningham and 
KE. S. Grumell. (Fuel in Science and Practice, 1938, vol. 17, Nov., 
pp. 324-327). The authors describe an investigation of the swelling 
properties of coal during combustion. The experiments were 
carried out to solve problems of combustion in boiler furnaces, and 
are incomplete solely as a study of swelling, but they indicate the 
marked effect which air rate, ash content, size and depth of fuel-bed 
may have upon swelling during combustion. It is known that there 
are a number of coals containing about 83% of carbon which differ 
in practical performance to an extent out of all proportion to small 
changes in rank, and in a manner which cannot be detected by the 
usual laboratory methods. The method of investigation described 
by the authors is particularly suitable for such coals. 

Studies on the Constitution of Coal. Part I. Progressive Oxidation 
of Coal Humic Acids. G. T. Morgan and J. I. Jones. (Journal 
of the Society of Chemical Industry, 1938, vol. 57, Sept., pp. 289- 
292). In this paper, which deals with the progressive oxidation 
of coal humic acids, the authors give an account of a study of 
the colloidal humic acids formed as the primary product of coal 
oxidation. The humic acids examined were prepared by extract- 
ing, with dilute caustic soda solution, coal which has been 
oxidised in air at 150° C. until its solubility in alkali had attained 
a maximum. j 

On the Formation and the Chemical Constitution of Coals, Lignites 
and Peats. A. C. Gillet. (Revue Universelle des Mines, 1938, vol. 
14, Nov., pp. 782-786). The author reviews some of the work of 
Bergius on the composition of solid fuels and compares his con- 
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clusions with those obtained by investigations carried out in the 
laboratories at the Liége University. 

The Tromp Dense Medium Process for Coal Washing. 0. Schafer. 
(Colliery Guardian, 1938, vol. 157, Dec. 16, pp. 1073-1076). The 
author describes the Tromp process of coal-washing, which is 
extensively used in Germany. The characteristics of this process 
may be summarised as follows: (1) The separation takes place 
entirely in accordance with specific gravity and without the assist- 
ance of downward currents; (2) separations can be made at any 
specific gravity between 1-3 and 2-2 in the unstable medium because 
of its low viscosity ; (3) the process can be adapted within very wide 
limits to suit the characteristics of the raw coal and the market 
requirements ; (4) the separating medium is a suspension of finely- 
ground magnetite in water, but sintered zinc-bearing pyrites, which 
is a waste product in Germany, can be used; (5) the capital and 
operating costs are low ; and (6) the supervision and regulation of the 
process is simple. 

Carbonizing Properties and Petrographic Composition of Upper 
Banner Bed Coal from Clinchfield No. 9 Mine, Dickenson County, 
Va., and of Indiana No. 4 Bed Coal from Saxton No. 1 Mine, Vigo 
County, Ind., and the Effect of Blending these Coals with Beckley 
Bed Coal. A. C. Fieldner, J. D. Davis, R. Thiessen, W. A. Selvig, 
D. A. Reynolds, R. E. Brewer and G. C. Sprunk. (United States 
Bureau of Mines, 1938, Technical Paper No. 584). 

The Agglomerating Index of Coal. J. F. Barkley and L. R. 
Burdick. (United States Bureau of Mines, 1938, Report of 
Investigations, No. 3424). The agglomerating index of coal is an 
index based upon the nature of the coke residue left after the volatile 
matter has been determined by the standard method. This index 
has been adopted in America in the standard classification of coals 
by rank. In this report the authors describe the system of classi- 
fication and present tables showing the analyses and agglomerating 
indices of 49 varieties of American coals. 

Determination of the Swelling Properties of Coal during the 
Coking Process. H.S. Auvil and J.D. Davis. (Fuel in Science and 
Practice, 1938, vol. 17, Nov., pp. 335-347). This paper is repro- 
duced from the United States Bureau of Mines, 1938, Report of 
Investigations No. 3403. (See Journ. I. and S.I., 1938, No. IL., p. 
266 a). 

Low-Temperature Coal Distillation by Means of Waste Gas. A. 
Thau. (Gliickauf, 1938, vol. 74, Dec. 3, pp. 1021-1027). The 
author describes some of the processes which have recently been 
developed in Germany and other countries for the low-temperature 
distillation of coal by means of waste gas. He also describes the 
Morgan rotary still into which the coal is charged and intimately 
mixed with glowing coke, a process which does not use waste gas. 

The Recovery of Sulphur from Coke-Ovens in Germany. C. 
Berthelot. (Génie Civil, 1938, vol. 113, Nov. 12, pp. 401-406). 
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The author describes some of the processes used in Germany, 
Belgium and Holland to recover sulphur from coke-oven gas, 
These include the Lurgi sulphuric-acid process, recovery in the form 
of ammonium sulphate by the Katasulf and Kohlentechnik processes, 
the Pieters process used in Holland and the Alkazid and Girbotol 
processes. 

Use of Mixed Gases for Steel Mill Operations. E. T. W. Bailey. 
(fron and Steel Engineer, 1938, vol. 15, Nov., pp. 23-28: Industrial 
Heating, 1938, vol. 5, Nov., pp. 1040-1044). ‘The author describes 
the gas-distribution and control system at the Hamilton Works of 
the Steel Company of Canada, Ltd. As a result of improvements in 
the blast-furnace stoves and blowing equipment, and the use of coke 
breeze for generating steam, the company had a substantial surplus 
of blast-furnace gas. Provision was therefore made for supplying 
this gas to the various melting and reheating furnaces. The system 
was designed so that this surplus gas could be used alone or mixed 
with coke-oven gas according to the quantities of each available. 

Pressure Gas Firing in Relation to Industrial Furnaces Using 
Purified Gases. H. Dix. (Iron and Steel Industry, 1938, vol. 12, 
Dec., pp. 199-201). The author is of the opinion that in England 
much greater use could be made of the pressure firing of purified gases 
such as coke-oven gas, town gas, blast-furnace gas and producer gas. 
For instance, colliery companies adjacent to industrial areas could 
supply coke-oven gas at a pressure of 10-20 lb. per sq. in., according 
to the distance of the consumer from the colliery. This pressure 
would be reduced to 5-6 lb. per sq. in. before being fed to the 
furnace at the consumer’s works. Mixed coke-oven and _blast- 
furnace gas having a calorific value of 225 B.Th.U. per cu. ft. should 
be supplied to the burners at 3 lb. per sq. in., and blast-furnace gas 
with a calorific value of 110 B.Th.U. per cu. ft. at 14 lb. per sq. in. 
The author describes the type of burner required, and shows that 
exact temperature control can be readily obtained using such fuel. 
In conclusion he gives descriptions and diagrams of several small and 
large furnaces to which the pressure-gas method of firing has been 
successfully applied in Germany. 

Gas-Fired Furnace Settings. (Iron and Coal Trades Review, 
1938, vol. 137, Oct. 7, p. 547). The principles of the “ Gako” 
turbulent burner equipment for use with gas-fired furnaces are 
described and illustrated. One type of special interest for steel- 
works permits blast-furnace gas or producer gas, however dirty, to 
be burned efficiently with the minimum of cleaning. A variation of 
this design permits the use of two kinds of gas, either together or 
separately, in the burner with natural draft. Alternatively, preheated 
air and forced draft may be utilised. 

Coal-Tar Pitch as a Carburetting and Heating Medium. LE. Lange. 
(Stahl und Eisen, 1938, vol. 58, Dec. 1, pp. 1361-1365). In Germany 
the recovery of the benzol from the coke-oven gas which passes into 
long-distance mains reduces the calorific value and the hydro- 
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carbon content so much that it can no longer be used for heating 
open-hearth furnaces. Brown-coal dust and coal-tar oil have been 
employed for carburetting the lean gas, but as the latter is an 
expensive commodity wanted for other purposes, attempts are 
now being made to utilise coal-tar pitch, of which abundant 
quantities are available. In this paper the author describes an 
appliance into which lumps of pitch are charged and melted by a 
jacket of oil kept at 180-200° C. by a number of blast-furnace-gas 
burners; the pipe-lines to the open-hearth furnace and the com- 
pressed air to atomise the liquid pitch are also heated by jackets 
containing the hot oil. When used for carburetting the long- 
distance gas employed to heat a 25-ton open-hearth furnace the 
consumption of pitch amounted to 8 litres per ton of steel. A 
disadvantage of the plant is that the labour costs are higher than for 
a plant using coal-tar oil, but improvements in design are now 
reducing the amount of attention required to run it satisfactorily. 

Carburetting Long-Distance Gas for Heating Open-Hearth Fur- 
naces, with Special Reference to the Use of Coal-Tar Pitch. P. 
Bremer. (Stahl und Eisen, 1938, vol. 58, Dec. 1, pp. 1365-1369). 
The author discusses the use now being made in Germany of coal-tar 
pitch as a means of carburetting the long-distance gas used for heating 
open-hearth furnaces. He describes the test plant of the Bochumer 
Verein and discusses its application to other open-hearth furnaces 
working on long-distance gas. 

High-Quality Lubricating Oils from Mineral Oil Products and 
Coal Products. Zorn. (Angewandte Chemie, 1938, vol. 51, Dec. 3, 
pp. 847-853). The author shows that by employing catalytic 
hydrogenation processes the field of raw materials for the production 
of lubricating oils can be considerably extended, and that the 
properties of the oil produced by these synthetic processes are 
superior to those of the refined natural oils. 

Heavy Oil Burning and its Control. <A. J. Fisher. (Iron and 
Steel Engineer, 1938, vol. 15, Dec., pp. 22-42). After reviewing 
briefly what he calls the ‘‘ hand-controlled period of fuel oil burning ”’ 
from 1861 to 1932, the author discusses in detail the ‘‘ automatic 
controlled period of fuel oil burning ” from 1932 up to the present 
time. In this second period of development a complete and unified 
oil-fuel technique has been evolved and applied to industrial pur- 
poses. Control valves and regulators, manual and automatically 
controlled burners, oil-conditioning systems and flowmeters are 
described and illustrated. He describes a system of furnace control 
which can be applied to soaking pits and regenerative furnaces 
and presents a number of heat-balance calculations relating to a 
billet-reheating furnace with an air heater or recuperator. 
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New Blast-Furnace at Kembla Works of Australian Iron and 
Steel Company (Iron and Coal Trades Review, 1938, vol. 137, 
Dec. 16, pp. 1019-1022). A detailed description, together with 
numerous illustrations, is given of a new blast-furnace at the Kembla 
works of Australian Iron and Steel, Ltd. The blowing equipment, 
hot-blast stoves and gas-cleaning plant are also described. The 
furnace is at present producing about 1000 tons of basic pig iron 
per day. Tables are also presented which give the consumption of 
raw materials, operating details, and analyses of the coke, pig iron, 
slag and gas. 

Blast-Furnace Instrumentation. F.N. Hays and J. P. Mikaloff. 
(Instruments, 1938, vol. 11, Dec., pp. 297-300: Steel, 1938, vol. 103, 
Dec. 12, pp. 52-54). The authors discuss the development of the 
use of instruments to control and improve the operation of blast- 
furnaces. The applications of these instruments include the measure- 
ment and control of the blast temperature, the combustion at the 
stove burners, the stove stack temperature, the stove dome tem- 
perature, the level of the stock in the furnace, the temperature and 
pressure at the furnace top, the pressure and volume of the blast and 
the humidity of the atmosphere. They conclude by examining 
some problems awaiting solution by the co-operation of the blast- 
furnace plant engineer and the instrument designer. 

The Smelting of Low-Grade Ores, in particular of Roasted Gut- 
madingen Dogger Ore. A. Wilhelmi. (Mitteilungen aus den 
Forschungsanstalten des Gutehoffnungshiitte-Konzerns, 1938, vol. 6, 
Nov., pp. 233-249). The author describes attempts made to reduce 
the amount of coke consumed in the smelting of the low-grade 
German Gutmadingen ore. Attempts to reduce the slag-forming 
elements by preparing the ore were unsuccessful, but a reduction in 
the amount of limestone so as to produce an acid slag did effect a 
reduction in the coke consumption. The next experiment was that 
of roasting the ore to get rid of the carbon dioxide and moisture ; this 
method of preparation reduced the coke consumption from 1765 to 
1418 kg. per 1000 kg. of iron produced. Further tests are to be 
carried out using sintered Gutmadingen ore. The author explains 
the mechanics of the reduction process and gives detailed informa- 
tion regarding the costs. 

Investigations of the Behaviour of Vanadium-Bearing Slags and 
their Use for the Production of Ferro-Vanadium. fF. Kisermann. 
(Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Dec., pp. 269-76). 
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The author describes his investigations of the principles governing 
the working of phosphorus- and vanadium-bearing slags produced 
at some of the German iron works. 

Desulphurising Pig Iron with Burnt Lime in the Stiirzelberg 
Rotary Furnace. W. Bading and A. Krus. (Stahl und Eisen, 1938, 
vol. 58, Dec. 22, pp. 1457-1459). As it had been found that pig iron 
produced in the Stiirzelberg rotary furnace is very low in sulphur, it 
was decided to investigate the possibilities of desulphurising molten 
basic Bessemer iron in this type of furnace using burnt lime. In this 
paper the authors describe the technique and the economic aspect 
of this desulphurisation process. 

The Centrifugal Process for the Refining of Pig Iron. (Bradley’s 
Magazine, 1938, Sept., pp. 2-4). Some processes for refining steel 
and pig iron in revolving mixers and moulds are described with 
particular reference to the patents of N. N. Jarotsky and M. E. 
Vroonen. In conclusion some particulars are given of the centrifugal 
purification process of Bradley and Foster, Ltd., in which the molten 
metal is stirred in an oil-fired receiver until it acquires a uniform 
peripheral velocity of about 400 ft. per min. and suitable refining 
slags are added to absorb the separated sulphides. 

The Cornwall Furnace—An Early Iron Works of Pennsylvania. 
R. D. Billinger. (Iron and Steel Engineer, 1938, vol. 15, Dec., 
pp. 68-72). In this illustrated article the author describes the 
history of the Cornwall blast-furnace in Pennsylvania which was in 
operation from 1742 until 1883. The adjacent magnetic iron-ore 
mines, which are still being worked, are also described. 
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Some Unusual Aspects of Malleable Iron Melting. A. L. Boege- 
hold. (Metal Progress, 1938, vol. 34, Nov., pp. 557-562, 608). 
Among the factors influencing the production of white cast 
iron for malleablising which the author discusses in this article 
is the effect of moisture in contact with the molten iron. He 
describes experiments which show that the presence of moisture 
increases the ability of the iron to retain the iron carbide. In 
a further experiment 0-50% of Fe,0, was added to a melt of 
iron which had been treated with steam until the fracture was 
verging on all-white ; the oxide, instead of making the iron whiter, 
turned it completely grey. This showed that the oxide acted 
as a graphitiser to molten low-carbon, low-silicon iron. The 
experience thus gained led to the use of crucibles lined with 
fresh clay for producing white iron, as this prevented the charge from 
being contaminated and turned grey by the action of oxides left in 
the crucible from previous melts. In the concluding part of the 
paper the author discusses the factors which influence the rapid 
annealing of white iron, and shows that whilst iron-oxide acts as a 
graphitiser during solidification of white iron, it also acts as a 
carbide stabiliser during annealing. This is contrary to the effect 
which would be produced if the increased mottling tendency were 
caused by the addition of a graphitising agent such as silicon or 
copper. 

Rapid Malleablising Cast Iron. E. Piwowarsky, O. van Rossum, 
K. Achenbach, K. Fahr, L. Hofmann, W. Beer and E. Séhnchen. 
(Giesserei, 1938, vol. 23, Nov. 18, pp. 584-594). After discussing the 
results of other investigators’ efforts to find a technique whereby the 
annealing time required for malleable iron could be reduced, the 
authors describe their own investigation of this problem. They used 
samples from four different melts the contents ranging from total 
carbon 3-04% and silicon 1-10% to total carbon 1-52% and silicon 
2-38%. Insome cases the specimens were quenched in boiling water 
immediately after casting, and others were annealed without being 
quenched. They found that : (a) Raising the annealing temperature 
caused an increase in carbide precipitation in the specimens that had 
not been quenched ; and (b) the quenching accelerated the carbide 
precipitation and the difference in the rate of precipitation became 
greater as the annealing temperature was lowered. They present 
a series of graphs which demonstrate the effect of different annealing 
temperatures and times on the ratio of the graphitic to the total 
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carbon, and study the structure by referring to a number of micro- 
graphs. In conclusion they discuss experiments by E. G. Herbert, 
who has accelerated the annealing process by magnetic treatment, 
and the work of M. Kubo, who has brought about the complete 
precipitation of carbide within 1 hr. by passing a 50-cycle alternating 
current through the specimen while being annealed in iron oxide at 
about 900° C. 

Compression Strength and Shearing Strength of Moulding Sand. 
B. Holman. (International Foundry Congress, Warsaw, 1938 : 
Foundry Trade Journal, 1938, vol. 59, Dec. 8, pp. 429-431). The 
author describes in detail his investigation of the compression strength 
and the shear strength of 14 kinds of moulding sands of widely 
varying qualities. He determined these values for samples contain- 
ing different amounts of moisture, and plotted graphs which illustrate 
the relationship between these values as well as the relationship of 
the moisture content to the shear-strength/compression-strength 
ratio. From these he establishes the optimum moisture content for 
each sand. 

Sand Research and Scrap Reduction. T. Tyrie. (Foundry 
Trade Journal, 1938, vol. 59, Dec. 29, pp. 479-482). In this paper 
the author demonstrates the value of testing foundry sands by 
quoting examples of the discovery of the causes of faulty castings by 
this means. He presents tables of the properties of a number of 
virgin sands, and shows how the permeability of a sand can be 
adjusted by suitable mixing. In conclusion he discusses the proper- 
ties of “‘ synthetic sand,” by which is meant a moulding sand com- 
posed of a silica sand suitably bonded by the addition of some form 
of clay, usually china clay. 

Foundry Drying and Modern Coreshop Layout. W. H. Smith. 
(Foundry Trade Journal, 1938, vol. 59, Dec. 8, pp. 423-426). The 
author describes some modern foundry equipment for drying large 
and small cores and for conveying the cores to and from the drying 
stoves. Several illustrations and two diagrams are presented which 
show the allocation of floor space to particular jobs in some large 
English and French foundries. 

What Happens to a CoreinaCore Oven. J. Willsea. (Industrial 
Heating, 1938, vol. 5, Sept., pp. 823-826). The author explains the 
influence of moisture on the permeability and strength of cores. 

Core-Room Trouble. L. P. Robinson. (Canadian Metals and 
Metallurgical Industries, 1938, vol. 1, Oct., pp. 270-272). The 
author discusses nine factors concerning core-making which must 
be properly controlled if the best results are to be obtained. These 
are: (1) Proper selection of core sands; (2) proper selection of 
binders; (3) use of cereal binders; (4) the sand-to-oil ratio; (5) 
proper mixing; (6) moisture control; (7) baking; (8) venting; 
and (9) inspection. 

Cardinal Points in the Modern Production of Light Ferrous 
Castings. J.A. Reynolds. (Foundry Trade Journal, 1938, vol. 59, 
Dec. 8, pp. 432-434). The following are the points relating to the 
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production of light ferrous castings which the author discusses in 
this paper: (1) The blast pressure and size of the tuyeres in the 
cupola ; (2) the coke; (3) the coke/iron ratio in the charge ; (4) the 
composition of the iron for stoves, gutters, fuse boxes, &c.; (5) the 
methods of running ; (6) the properties of the sand; (7) the use of 
facings ; and (8) labour-saving machinery. 

Making a Large Lathe Bed. W.Y. Buchanan. (Foundry Trade 
Journal, 1938, vol. 59, Dec. 15, pp. 441-444, 454). The author 
describes the moulding and casting technique employed in the 
manufacture of a 33-ft. lathe bed. 

The Production of a Vacuum Cylinder Using Patterns. G. Schiile. 
(Giesserei, 1938, vol. 23, Nov. 18, pp. 595-597). The author describes 
the patterns used and the technique employed to cast a vacuum 
cylinder 1600 mm. long by 1400 mm. high, weighing 4200 kg. 

Mechanical Charging. (Steel, 1938, vol. 103, Nov. 21, pp. 46-48, 
67). Mechanical Equipment Lowers Charging Costs in Cleveland 
Foundry. (Iron Age, 1938, vol. 142, Dec. 1, pp. 40-41). A descrip- 
tion is given of the mechanical appliances installed at the Ferro 
Machine and Foundry Co. for conveying and charging scrap metal 
and coke to the cupola. Part of the equipment consists of two 
3-ton charging cranes suspended from a monorail, one serving the 
scrap hoppers and the other the coke hoppers. 

System Reduces Time and Labor. P. Dwyer. (Foundry, 1938, 
vol. 66, Nov., pp. 22-24, 77-78). The mechanical transport equip- 
ment for small castings at the foundry of the General Motors Cor- 
poration, Saginaw, Michigan is described and illustrated. Approxi- 
mately 600 different varieties of castings are made in quantities 
ranging from a few items to several thousand. The combination 
of conveyor belts and bins suspended from a monorail enables the 
castings to be cleaned, sorted and stocked with a minimum of manual 
effort and at low cost. The collection of risers and other scrap is 
facilitated by similar equipment. 

The Density of Metals and Alloys under High Pressures in Relation 
to the Conditions of Casting. G. Welter and J. Mikolajezyk. (Wia- 
domésci Instytutu Metallurgii i Metaloznawstwa, 1938, vol. 5, No. 3, 
pp. 105-111). (In Polish). The authors undertook this investiga- 
tion to study the effects of different refining processes, casting 
temperatures and wall thicknesses upon the densities of metals and 
alloys. They developed an apparatus by which the permeability of 
plates from 1 to 25 mm. thick could be measured when subjected to 
a pressure of up to 1000 atm. by liquids, and up to 150 atm. by gases. 
The metals tested were cast iron, zinc, aluminium, magnesium and 
the light metal alloys. They found that even thick plates of pure 
aluminium, silumin, magnesium, zinc and cast iron were completely 
impermeable. Materials which were quite impermeable to liquids at 
pressures up to 350 atm. were generally also impermeable to gases 
at pressures up to 150 atm. They also found that the metals which 
were impermeable to liquids at 350 atm. remained impermeable 
when the pressure was increased up to 1000 atm. 
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(Continued from pp. 87 A—91 A) 


The “ Serp I Molot ’’ Works during the Last 20 Years. N. B. 
Rodzevich. (Kachestvennaya Stal, 1937, No. 11, pp. 56-58). (In 
Russian). During the past ten years this works has taken up the 
production and development of alloy steels and alloy-steel products. 
Planned developments and extensions are discussed. 

Method and Extent of Melting Control of Steel Heats and the 
Evaluation of the Properties of Steel from the Point of View of Its 
Intended Application. I. S. Gaev. (Metallurg, 1938, No. 6, pp. 
11-20). (In Russian). A scheme of tests to be applied for the 
purpose of completely characterising a heat is outlined and details 
of the individual tests are given. The objects of the control scheme 
are to establish the properties of the given heat of steel and its 
suitability for particular products, and also the detection of factors 
liable to lead to defects during any of the stages of mechanical 
working to which the steel is subjected. The scheme of control 
includes tests to determine all the characteristics of the furnace 
charge, the melting process, the deoxidation, tapping, teeming and 
solidification of the ingots, as well as observations on the workability 
and the properties of test ingots. 

Overcoming Contradictory Requirements in the Operation of 
Open-Hearth Ports. V. Pentegov. (Stal, 1938, No. 6, pp. 8-14). 
(In Russian). The author analyses the requirements which open- 
hearth furnace ports have to satisfy during operation and, as a 
result of his conclusions, suggests a new type of port designed to 
meet all the requirements, some of which are contradictory. The 
port design suggested is of the Venturi type and incorporates a 
movable roof in the inclined gas port. This roof, which moves by 
swivelling on a hinge outside the furnace, enables the cross-section 
of the gas port to be varied within wide limits, thus providing a means 
of controlling the velocity of the gases entering, or, when it is used 
as an exhaust port, leaving the furnace. 

Control of the Quality of Production at Alloy Steel Works. A. A. 
Rastorgueff. (Kachestvennaya Stal, 1937, No. 11, pp. 27-32). (In 
Russian). A review is given of the methods of control at present in 
use at the works of the Glavspetsstal combine. Short descriptions 
are given of control tests, commencing with the melting of the steel 
and concluding with the tests applied to the finished products. 

Alloy Steel Metallurgy and the Ferro-Alloys Industry in Russia 
on the Twentieth Anniversary of the Revolution. K. P. Grigorovich. 
(Kachestvennaya Stal, 1937, No. 11, pp. 7-14). (In Russian). A 
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general survey is given of the alloy-steel and ferro-alloy industries in 
Russia. Data are quoted to show the increases in production and 
efficiency and the technical and economic improvements which have 
taken place. In conclusion some problems awaiting solution during 
the third five-year plan are mentioned. These, in addition to 
general increases and improvements in outputs and all-round 
efficiency, include such special developments as the control of the 
gas content of steel and of slag inclusions, and methods of controlling 
grain size and improving the structure of ingots. It is intended to 
study the effect of vibration on the ingot structure, the method of 
increasing the number of crystallisation centres by teeming the ingot 
over a framework of rods of the same steel, and the use of small 
additions of grain-refining elements, ¢.g., titanium and vanadium. 

Determination of the Gas Content of the Steel During the Melting 
Process. A. Samarin. (Metallurg, 1938, No. 6, pp. 36-39). (In 
Russian). A simple apparatus is described which is used to obtain 
a sample of the steel from the furnace. The steel is allowed to solidify 
in the apparatus under a vacuum, the gas in the steel being evolved 
during the solidification. The gases evolved are collected in a gas 
pipette, which can be closed, detached from the rest of the apparatus 
and sent to the laboratory, where their volume and composition are 
determined. A sample of steel can be taken in 2 min., the analysis 
of the gas takes 15 min. and the calculation of its composition takes 
another 2 min. Some results obtained with the apparatus on 
samples taken from a basic 3 ton electric furnace are summarised in 
tabular form. 

The Behaviour of Sulphur in the Basic Open-Hearth Process. 
D. Manterfield. (Metallurgia, 1938, vol. 19, Dec., pp. 55-58). The 
author describes an investigation of the behaviour of sulphur in basic 
open-hearth furnaces with particular reference to the distribution of 
sulphur between the metal and the slag. He discusses the influence 
of furnace operating conditions upon this distribution, and comes to 
the following conclusions: (1) There is a tendency for a state of 
equilibrium between the amount of sulphur in the slag and the 
amount in the metal to be established. When this is attained the 
amount of further desulphurisation is very limited ; (2) if maximum 
desulphurisation is to be obtained, this state of equilibrium must 
exist, and control of the temperature, basicity and slag condition is 
necessary to bring it about; (3) as the state of oxidation of the bath 
is an important factor, over-oxidation should be avoided ; (4) the 
formation of slag early in the process promotes early establishment 
of the equilibrium when deoxidants are present ; and (5) in order to 
ensure a low sulphur content in the product, it is desirable to use 
raw materials as low in sulphur as possible. In conclusion the 
author describes a volumetric method which he developed for 
determining the sulphur in slag. 

Manganese in the Production of Steel. E.Diepschlag. (Metall- 
wirtschaft, 1938, vol. 17, Dec. 9, pp. 1299-1302). The author 
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reviews the advance of knowledge concerning the effect of man- 
ganese upon the process of steelmaking from 1839, when Heath used 
it in the manufacture of crucible steel, and describes in detail the 
effect of manganese upon the reactions taking place in the modern 
basis open-hearth furnace. 

Induction Furnaces for Rotating Liquid Crucibles. E. P. Barrett, 
W. F. Holbrook and C. E. Wood. (American Institute of Mining 
and Metallurgical Engineers, 1938, Technical Publication No. 986 : 
Metals Technology, 1938, vol. 5, Dec.). ‘The authors describe three 
types of electric induction furnace which were used for research 
work. In the first a graphite crucible packed in lampblack in a 
refractory tube was rotated concentrically within the coil; in the 
second a super-refractory crucible containing molten metal was 
rotated within a graphite-lined stationary cylindrical furnace; and 
in the third a refractory chamber of fused magnesia formed the 
crucible and the surrounding coil rotated with it. They found that 
the second type was the simplest to construct, the most flexible to 
operate and provided the smallest temperature gradient in the hot 
zone. ‘This furnace was found to be specially suitable for studying 
the reactions between liquid iron and slag. 

The * Elektrostal ’? Works on the Twentieth Anniversary of the 
October Revolution. P.K. Alekseev. (Kachestvennaya Stal, 1937, 
No. 11, pp. 49-55). (In Russian). An illustrated description and 
some data regarding production at the Elektrostal works are given, 
together with a summary of other developments.now being planned. 

Double Frequency Furnace. (Canadian Metals and Metallur- 
gical Industries, 1938, vol. 1, Oct., p. 283). Some information on the 
means of stirring the charge in high-frequency induction furnaces is 
given, and the action of the double-frequency furnace is explained. 
In this furnace the same coil is simultaneously supplied with the 
high-frequency heating current and a low-frequency polyphase 
stirring current which can be independently regulated. 

Control of the Melting of Steel by Means of Standard Technological 
Tests. V.I.Shamrov. (Metallurg, 1938, No. 6, pp. 27-35). (In 
Russian). A system of checking the condition of the charge in a 
basic electric furnace at various stages of the melting process is 
described. It consists of taking, under specific conditions, samples of 
the metal and slag and comparing the external appearance of these 
specimens with that of a series of standard specimens of metal and 
slag. The preparation of the standard specimens is described with 
illustrations and the method of evaluating the observations is 
discussed. 

Mechanism of Solidification and Segregation in a Low-Carbon 
Rimming Steel Ingot. A. Hayes and J. Chipman. (American 
Institute of Mining and Metallurgical Engineers, 1938, Technical 
Publication No. 988: Metals Technology, 1938, vol. 5, Dec.) The 
authors describe a detailed experimental and theoretical study of the 
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mechanism of the processes by which segregation occurs in a low- 
carbon rimming-steel ingot. A general theory of segregation is 
developed in which the primary cause is shown to be the distribution 
of impurities during the transition from the liquid to the solid phase. 
A second cause is the fact that excess impurities and a part of the 
liquid metal are trapped in the growing crystals at the solidification 
interface. This second factor is affected by the rate of solidification 
and the rate of stirring. A mathematical treatise is also presented 
which is based on a simple hypothetical type of segregation in which 
equilibrium exists between solid and liquid phases. 

Classification of Surface Defects in Rolled Steel According to 
Their Origin. V.N.Shvetsov. (Kachestvennaya Stal, 1938, No. 2, 
pp. 9-13). (In Russian). The characteristics of the various defects 
encountered on the surface of rolled steel are described and 
illustrated by a large number of macro- and micro-graphs. 

Hairline Imperfections. C. L. Shapiro. (Iron Age, 1938, vol. 
142, Dec. 1, pp. 32-36; Dec. 8, pp. 30-35). The author defines a 
hair-line imperfection in steel as a discontinuity, crack or rupture of 
hair-line dimensions which originates from the liquid state. By 
proper control of the melting and subsequent processes it is possible 
to limit their number to some extent. He describes and discusses 
the methods of testing steel to ascertain the position and frequency 
of these defects with particular reference to the microscopic examina- 
tion of etched specimens and to the magnaflux method. 
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FORGING, STAMPING AND DRAWING 





(Continued from pp. 92 aA—94 A) 


Practical Forging and Tooling. E.G. Marshall. (Heat Treating 
and Forging, 1938, vol. 24, July, pp. 327-332; Aug., pp. 382-387, 
402; Sept., pp. 450-453; Oct., pp. 497-503; Nov., pp. 547-553). 
In the first part of this article the author considers the effects of 
alloying elements on the properties of steel and classifies them in the 
following three groups: (a) Those which completely dissolve in the 
iron base; (6b) the elements which cause the formation of carbides ; 
and (c) those which partly dissolve, the undissolved portion forming 
a carbide. He then discusses the optimum temperatures at which 
to forge the various alloy steels the properties of which he 
describes. In Part II. the author discusses some of the difficulties 
encountered in the heating of a forging, and gives some practical 
hints on the removal of scale. He next gives detailed descriptions 
of a 2000-lb. drop hammer, a steam hammer and an upright motor- 
driven helve hammer. The helve hammers vary in weight from 15 
to 500 lb. and the frequency of blows varies from 450 per min. with 
the small size to 150 per min. with the large size. In Part III. the 
author describes the setting-up procedure for a typical forging job 
such as the upsetting of a tie-rod for a motor-car, and continues 
with a discussion on making welds by forging. Part IV. the author 
devotes to a description of some forging jobs carried out by the 
blacksmith, such as making tongs, hammer heads and chisels for 
the die-sinker. He concludes this part with some general hints to 
the die designer. In Part V. he discusses three rules which apply 
to die-forging machines and their operation. These are: (1) The 
maximum length of unsupported stock which can be upset in one 
blow without buckling is equal to three times the diameter of the 
bar; (2) stock, the length of which is more than three times its 
diameter, can be successfully upset in one blow provided that the 
diameter of the upset made is not more than 1} times the diameter 
of the bar; and (3) if the required upset necessitates the length of 
the stock being more than three times its diameter and the diameter 
of the upset is 14 times the diameter of the bar, then the length of 
the unsupported stock beyond the face of the die must not exceed 
the diameter of the stock. 

Forged Steel Rolls. J. R. Adams. (Iron and Steel Engineer, 
1938, vol. 15, Dec., pp. 48-66). The author describes the production 
of forged steel rolls, discusses the causes of faults, the methods of 
testing by etching, and the use of the scleroscope and the diameter 
gauge. He stresses the desirability of keeping full and accurate 
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records of the use of rolls, as this assists in the discovery of the 
primary cause of a failure in service, for it sometimes happens that 
the peeling or flaking of the surface of a roll may have been caused 
by a minor accident which occurred some weeks previously and has 
since been forgotten. In the concluding part of his paper the 
author discusses rolls for special purposes, such as the cold-rolling 
of square stainless steel bars, the forming of welded pipe, and en- 
graved rolls which produce a pattern on the finished material. 

The Behaviour of Steels and Light Metals in the Drop Forging 
Process. K. Daeves and A. Ristow. (Stahl und Eisen, 1938, vol. 
58, Dec. 22, pp. 1451-1457). The authors describe an investigation 
in which they tested the drop-forging properties of 25 types of steel 
and 8 different light-metal alloys. Specially shaped dies were 
designed in order to test to what extent the various specimens would 
fill up the dies. They found that at temperatures over 1050° C. the 
non-scaling aluminium steels, the ferritic chromium-aluminium 
steels and the chromium steels had the best die-filling properties. 
Mild open-hearth and basic Bessemer steels were distinctly inferior. 
Of the 25 steels tested the poorest die-filling properties were ex- 
hibited by an austenitic non-scaling steel containing 23% of chro- 
mium and 20% of nickel. The forging properties, forging tempera- 
tures and analyses are presented in tables and by graphs. 

Further Experiments in the Working of Malleable Cast Iron. 
J. V. Murray. (Metallurgia, 1938, vol. 19, Nov., pp. 7-10). The 
author describes experiments on the hot- and cold-working of malle- 
able cast iron, the results of which indicate that whiteheart malleable 
iron can be cold- or hot-worked, provided that adequate metal- 
lurgical control is maintained throughout the rolling or forging and 
the subsequent treatment. 

Motor-Car Body Pressings. Part I. Current Practice in the 
Design of Dies. Part II. The Use of Component Drawings and 
Wood Models. G.L.Smith. (Sheet Metal Industries, 1938, vol. 12, 
Nov., pp. 1285-1288 ; Dec., pp. 1412-1414). In Part I. the author 
describes the constructional details of a modern press for motor-car 
bodies, and surveys briefly the properties affecting the drawing 
of mild-steel sheets. In Part II. he describes the procedure for 
die design and manufacture from making the artist’s model to 
the finished die. This includes preparing a full-scale layout on 
cartridge paper, the making of templates and a full-size wooden 
model, an additional layout on aluminium sheet and the profiling 
and matching of the dies. 

New Applications for Press Work. J. D. Jevons. (Metal 
Industry, 1938, vol. 53, Oct. 21, pp. 389-392 ; Nov. 11, pp. 467-470 ; 
Dec. 2, pp. 541-544; Dec. 9, pp, 565-569; Dec. 23, pp. 615-619). 
The author describes recent developments in the manufacture and 
application of pressings, and indicates the lines on which future 
developments are likely to take place. He deals with the subject 
in four sections, but points out that the particular aspect presented in 
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each may fit with the others to render possible some new application. 
The four sections are : (1) The replacement of cast, forged, machined, 
welded or otherwise fabricated articles by deep-drawn or pressed 
shapes; (2) the production of shapes which it has hitherto been 
impossible to produce under the press on an industrial scale; (3) the 
deep-drawing and pressing of relatively new metals, or new varieties 
of well-established metals; (4) the development of new processes 
for shaping sheet metal under the press. 

Magnetic Method of Determining the Suitability of Steel Sheets for 
Cold-Pressing. G. I. Aksenov and K. V. Grigorov. (Kachest- 
vennaya Stal, 1938, No. 2, pp. 19-22). (In Russian). A magnetic 
method was developed with the object of detecting anisotropic 
structure in deep-drawing steel sheets used for the production of 
various motor-car parts. Unsatisfactory behaviour during drawing 
was ascribed to the presence of anisotropically orientated crystallites 
in the sheet, and simple magnetic tests on 200 different sheet 
specimens enabled the authors to show the existence of a definite 
connection between the magnetic anisotropy of the sheet and this 
preferred orientation. Normalising effects a 4—5-fold reduction in 
the anisotropy of the sheet, and a completely isotropic sheet can be 
obtained by repeated normalising. Tests applied to sheet during 
various stages of the rolling process showed that neither low- 
temperature (650°C.) nor high-temperature (850° C.) annealing 
after rolling remove the anisotropy. 

Wire-Drawing Practice—French Methods Described. M. Cotty. 
(Wire Industry, 1938, vol. 5, Nov., pp. 737-738). The author 
discusses the factors which govern the choice between a wire-drawing 
plant which can, under competitive cost-price conditions, deal with a 
varied production, or one which, for a given output, entails a low 
installation expenditure combined with the lowest production cost. 
As an example he considers the plant required to draw 5-mm. rod 
down to 1-1 mm. and gives reasons why he would recommend the 
purchase of two non-slip multiple machines, the first a 5-hole machine 
to draw the wire down to 1-8 mm. and the second a 4-hole machine 
to draw the 1-8 mm. wire to 1-1 mm., in preference to one 9-hole 
machine. 

Production of Cold-Drawn Wire of Triangular Cross-Section. 
G. I. Masalov. (Kachestvennaya Stal, 1938, No. 2, pp. 45-46). 
(In Russian). An improved method of producing wire having the 
cross-section of an equilateral triangle from 8-5 mm. hot-rolled high- 
carbon (1-1-1:25% of carbon) steel is briefly described. The 
method results in a more uniform deformation of the metal over the 
whole of the cross-section being obtained, and minimises fracture 
during drawing. 

The Fabrication of Bi-Metallic Wire. C.M. Wilson. (Wire and 
Wire Products, 1938, vol. 13, Dec., pp. 723-727). The author gives 
an account of the manufacture of copper-clad steel wire. The 
process begins with the cleaning and fluxing of a cylindrical steel 
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billet about 48 in. long by 7 in. in dia. and centering it in a circular 
mould about 9 in. india. The mould and billet are then heated and 
molten copper is poured into the space surrounding the billet. If 
the proper temperatures are maintained a true weld is made between 
the surfaces of the two metals. The composite billet can then be 
hot-rolled down to 3-in. dia. and smaller gauges can be obtained by 
cold-drawing. The author also gives details of the dies used for 
drawing. 

French Wire Making in the Early Eighties. (Wire Industry, 
1938, vol. 5, Nov., pp. 745-753). An account is given of the early 
drawing practice and the iron and steel wire-drawing plant of Messrs. 
Mouchel, at l’Aigle inthe Department del’Orne. The information is 
extracted from ‘‘ Memoir of Messrs. Mouchel,” taken from the 
Repertory of Arts published in 1810. 

British Standard Specifications for Galvanised Iron and Steel Wire 
for Telegraph and Telephone Purposes. (British Standards Institu- 
tion, No. 182-184, Revised 1938). The following are the three 
specifications included in this issue. No. 182—Galvanised line-wire 
for telegraph and telephone purposes. No. 183—Galvanised stay 
strand for telegraph and telephone purposes and for signal posts and 
suspension strand. No. 184—Galvanised binding and jointing wire 
for telegraph and telephone purposes. 
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(Continued from pp. 95 A—97 A) 


The Effect of Reduction, Direction of Rolling and Roll Diameter 
on the Deformation and Mechanical Properties of Different Materials. 
H. Unckel. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Dec., 
pp. 277-284). The object of the author’s investigation was to 
study the effect of the number of passes, the direction of rolling 
and the diameter of the rolls on the mechanical properties of alu- 
minium, copper, brass and steel. Fine vertical lines were scratched 
on the edges of the specimens, the distance between adjacent lines 
being equal to the thickness of the specimen. In some cases the 
reduction was made in a few passes, and in other cases the same total 
reduction was made in many passes. The distortion of the lines 
was observed, and tensile and hafdness tests were made. The 
results showed that the diameter of the rolls had no noticeable effect 
on the deformation, and that there was more distortion of the 
scratched lines when the reduction was made in a few passes. There 
was no difference between the hardness at the surfaces and at the 
centre of the rolled material. A reversal of the direction of rolling 
and a change in the number of passes had no effect upon the mechani- 
cal properties of the specimens tested. The deformation of the 
structure was uniform over the cross-section of the metal. Finally 
it was found that the residual stresses were low, and on the surfaces 
these were found to be tensile stresses. 

Bearing Metals—With some Reference to Mill Bearings. 
W. R. D. Jones. (Newport Metallurgical Society, Nov. 12, 1938 : 
Iron and Steel Industry, 1938, vol. 12, Dec., pp. 215—218). The 
author shows how the application of a bearing metal for a particular 
purpose is bound up with the properties of the lubricant used, and 
that a combination of the best bearing alloy and the best oil does not 
necessarily produce the best bearing ; the only test, therefore, is that 
of actual service in which the bearing and the lubricant are tested as 
aunit. He explains the term “ boundary lubrication ” by showing 
that an increase of pressure between two solid surfaces will decrease 
the thickness of the fluid film to a limiting value, the film becoming 
exceedingly stable from a mechanical point of view, and its main- 
tenance is dependent on the physical and chemical nature of the 
surfaces. A state of boundary lubrication is set up when motion 
commences and ceases. This state is quite distinct from that of 
“fluid film lubrication,” in which the coefficient of friction may be 
only one-hundredth of that of a state of boundary lubrication. 
The author considers next the effect of the addition of a very small 
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percentage of a polar body, such as a higher alcohol or a fatty acid, 
to a lubricating oil. In conclusion he refers to the development of 
rolling-mill bearings and the use of bakelite bearings in American 
rolling mills. 

Comparative Investigations of Metal and Synthetic-Resin Bearings. 
R. Strohauer. (Zeitschrift des Vereines deutscher Ingenieure, 1938, 
vol. 82, Dec. 17, pp. 1441-1444). The author describes his investiga- 
tion of the comparative behaviour of metal and synthetic-resin 
bearings using different lubricating oils and under different loads. 
Although the investigation is not completed, the results so far 
obtained show that the running properties of the latter are fully 
equal to those of the former, but as synthetic resin is not so strong, 
such bearings cannot take such heavy loads as metal bearings unless 
they are specially designed for the purpose. 

Choice of Lubricants for Cold-Rolling of Metals and Alloys. I. M. 
Pavlov and Ya. 8. Gallay. (Kachestvennaya Stal, 1938, No. 2, 
pp. 34-42). (In Russian). By way of introduction the authors 
summarise the functions of a lubricant during rolling and review its 
desirable properties. The laboratory investigation took the form ofa 
study of a large number of lubricants, the effect of their use during 
rolling on the specific pressure and the elongation of the material, 
the effect of lubricants in different types of rolling mill and on the 
elongation of different metals, the effect of additions of free fatty 
acids and of vegetable oils to the lubricants, the possibility of using 
mixtures of machine oil and paraffin oil, corrosion tests in various 
lubricants and, finally, a study of the behaviour and the effect of 
lubricants during annealing. Steel (with carbon 0-09%) was used 
in the majority of the experiments, while some experiments were also 
conducted on brass, copper and aluminium. 

American and European Lubrication Practice for Steel Mills. 
R. M. Gordon. (Iron and Steel Engineer, 1938, vol. 15, Nov., pp. 
44-51). In discussing the lubricating systems in use in American 
rolling mills the author refers in particular to the use of “ extreme- 
pressure ” oils and greases. He is of the opinion that some of the 
pumps used at English rolling mills are not sufficiently robust to 
move the high-viscosity lubricants now in use, but he pays tribute to 
the high quality of some of the greases and oils now produced in 
England. 

The Production of Rolled Alloy Steel in Russia at the Twentieth 
Anniversary of the Revolution. Ya. S. Gintsburg. (Kachest- 
vennaya Stal, 1937, No. 11, pp. 20-26). (In Russian). The author 
reviews the development of the rolling of alloy steels in Russia. 
Stages in the development of alloy steels and rolling-mill design are 
described and special developments such as the production of 
Nichrome, iron-chromium-aluminium alloys, transformer steel and 
high-speed steel, as well as work on ingotless rolling, are mentioned. 

Rationalisation of the Rolling of Blooms at the Kuznetskiy Works. 
P. Dick. (Stal, 1938, No. 6, pp. 25-31). (In Russian). The author 
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discusses the possibilities of increasing the output of blooms from the 
two-high, reversible mill at the Kuznetskiy works which has rolls 
900 mm.india. He suggests increasing the deformations, changing 
the section of the ingots and also changing the contours of the rolls. 

New Irvin Works of Carnegie-Illinois Formally Opened. (Iron 
and Steel Engineer, 1938, vol. 15, Dec., pp. 94-97). Huge Plant 
Goes into Full Production. (Steel, 1938, vol. 103, Dec. 19, pp. 
40-43). An illustrated description is given of the Irvin Works of 
the Carnegie-Illinois Steel Corporation near Pittsburgh which were 
opened in December, 1938. The new plant consists of an 80-in. 
continuous hot-strip mill, complete with facilities for finishing hot- 
rolled strip and sheet, a complete cold-reduction tinplate mill, and a 
cold-reduction strip and sheet mill, with the necessary pickling, 
annealing and finishing equipment. 

The Further Development of Wide Strip Mills. B. Quast. (Stahl 
und Eisen, 1938, vol. 58, Dec. 15, pp. 1432-1434). The author 
describes and explains the layout he proposes for a two-pass semi- 
continuous universal mill for the rolling of strip up to 550 mm. wide. 
This design includes two four-high stands for the finishing passes. 

High Speed Strip Rolling. C.K. Davies. (Wire Industry, 1938, 
vol. 5, Oct., pp. 659-664 ; Nov., pp. 725-729). From some intro- 
ductory remarks on what are the generally accepted “high speeds ”’ 
in strip-rolling, the author goes on to review the history of the 
development of the process in America, Great Britain and in 
Europe. This review demonstrates that universal progress 
towards increase of speed has been relatively slow, and is still only 
partly achieved, and thus leads the author to a discussion of the 
objections which are still maintained to a further increase of the 
speed of cold rolling. Such objections are that the power consump- 
tion is excessive, that accuracy is lost at high speeds and that the 
surface-finish is not so good, but the author explains why these 
objections are no longer valid. In the second part of this paper the 
author discusses the rolling of non-ferrous strip. 

Finishing Equipment for Wide Strip Mills. J. L. Young. (Iron 
and Steel Engineer, 1938, vol. 15, Nov., pp. 12-19). The author 
shows that the finishing equipment in American strip mills has been 
improved so as to keep pace with the increased production. He 
describes the automatic strip welders, belt wrappers and uncoilers as 
well as some of the continuous strip-pickling plants now in use. In 
conclusion he gives some particulars of the 80-in. cold mill at the 
Newport Works of John Lysaght, Ltd., and the 72-in. cold mill 
installed by the Renault Co. in France. 

Continuity of Power Supply for Steel Mills as Influenced by 
Relaying and System Design. KE. H. Bancker and R. H. Kaufmann. 
(Iron and Steel Engineer, 1938, vol. 15, Nov., pp. 55-64). After 
stating that the purpose of protective relay circuits in the electrical 
distribution system of a rolling mill is to reduce to a minimum the 
number of machines and processes affected by a fault at any one 
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place, the authors consider three types of relaying in the following 
order of preference: (1) Pilot-wire relaying; (2) impedance or 
reactance-block directional relays; and (3) ordinary directional 
overload schemes. 

Rolling-Mill Instrumentation. J. L. Whitten. (Instruments, 
1938, vol. 11, Dec., pp. 301-302: Steel, 1938, vol. 103, Dec. 19, pp. 
65-66). The author discusses the application of temperature- 
measuring instruments to strip, bar, bloom, pipe-welding, rail, wire 
rod and seamless tube mills. 

A New Strip Grinder. (Iron Age, 1938, vol. 142, Dec. 8, p. 41). 
A description is given of an electrically driven grinding and polishing 
machine for use on steel strip up to 30 in. wide and down to 0-005 in. 
thick. It is fitted with an automatic compressed-air control for the 
belt alignment and an automatic control by which the pressure on 
the grinding or polishing belt can be set and maintained constant. 
This machine is intended to condition stock strip which cannot be 
rolled out because of surface imperfections, to improve the cold-rolled 
finishes, and to produce a finely ground surface to match standard 
sheet finishes. 

Cooling of Air in Rolling-Mill Shops by Atomised Water Spray. 
N. Sinebryukhov and B. Il’inskiy. (Stal, 1938, No. 5, pp. 64-68). 
(In Russian). A description of the equipment used and the detailed 
data relating to practical tests on the cooling of air in rolling-mill 
shops by means of an atomised water spray are given. 

Transmission of Signals to Take Billets from the Furnace. M. 
Latapie. (Revue de Métallurgie, Mémoires, 1938, vol. 35, July, 
pp. 281-285). The author describes an electrical signalling installa- 
tion by means of which the rolling-mill foreman signals the furnace 
hand when to remove a billet from the reheating furnace and pass 
it to the first roll stand. The transmitting instrument is operated 
by a synchronous motor, and it closes a circuit at constant and 
predetermined intervals. A variable control enables the foreman 
to speed up or slow down the frequency of the signals to suit the 
speed of the rolling operations. 
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Carburisation with Peat Coke. E. I. Malinkina and P. M. Shchurin. 
(Kachestvennaya Stal, 1938, No. 1, pp. 45-48). (In Russian). The 
use of peat coke and peat-coke/carbonate mixtures as a substitute 
for a previously used case-hardening mixture consisting of wood 
charcoal with 10-14% of BaCO,, 3-5% CaCO;, <1% of Na,CO, 
and <4% of syrup was investigated. The numerous results are 
summarised in tabular form and photomicrographs of the car- 
burised layers obtained are shown. The use of peat coke alone 
resulted in a reduction in the thickness of the carburised layer on the 
various steels and necessitated a longer carburising period. In one 
of the steels a sufficiently high carbon concentration in the carburised 
layer could not be obtained with peat coke alone. The addition of 
sodium carbonate and barium carbonate was therefore tried, the 
latter (5-6%) proving the most efficacious. 

Metallurgy at Buick. (Metal Progress, 1938, vol. 34, Nov., pp. 
569-572). A description is given of the organisation and equipment 
used for the heat treatment of automobile parts at the Buick division 
of the General Motors Corporation. It is of interest that more and 
more parts are being surface-hardened in a gas carburising furnace 
instead of by using the cyanide bath. 

Autogenous Hardening of Cast Iron and Malleable Iron. G. 
Kritzler and F. Roll. (Giesserei, 1938, vol. 25, Dec. 2, pp. 609-617). 
The authors find that it is possible to change the structure of black- 
heart malleable iron to suit any particular application by hardening 
the surface with the oxy-acetylene flame. The surface structure 
can be made pearlitic, sorbitic or martensitic with a hardness value 
between 200 and 600 Brinell by this form of heat treatment. The 
material can be cooled in air, oil or water in accordance with the 
degree of hardness required. The flame must be adjusted to have an 
excess of acetylene so as to avoid any decarburisation of the metal. 
It is possible to control the thickness of the hard surface layer so as to 
maintain a tough ferritic core. With a purely martensitic hardening 
the material loses some of its hardness at 100° C., but with a cemen- 
titic hardening the material can be used at up to 280°C. As a rule 
only a portion of the graphitic carbon migrates into the structure 
during the hardening process, so that the remaining carbon improves 
the self-lubricating properties of hardened blackheart malleable iron. 
Ifthe hardening has been properly carried out, the blackheart malle- 
able iron has a tough core of ferrite and temper carbon with a high 
fatigue strength. For this reason there are far less fatigue failures 








160 4 HEAT TREATMENT. 


in hardened blackheart malleable iron than in hardened steel 
alloys. 

The Heat Treatment of Grey Iron. 8S. Pilarski and L. Szende- 
rowski. (Wiadomésci Instytutu Metallurgii i Metaloznawstwa, 
1938, vol. 5, No. 3, pp. 94-103). (In Polish). The authors describe 
an investigation of the effect of heating specimens of grey cast iron 
containing small percentages of chromium and nickel in a salt bath 
to temperatures between 250° and 700° C. and quenching in water. 
They discuss the mechanical properties and the microstructure of the 
quenched specimens. 

The Use of New Steels in Automobile Construction. H. Kichler. 
(Iron and Steel Industry, 1938, vol. 12, Nov., pp. 165-167). A 
translation of an article which appeared in Metallwirtschaft, 1938, 
vol. 17, Aug. 26, pp. 911-913. (See Journ. I. and 8.1., 1938, No. IL, 
p. 292 a). 

The Necessity for Control of Steels and Their Heat Treatment. 
R. J. Brown. (Wild Barfield Heat-Treatment Journal, 1938, vol. 3, 
Dec., pp. 27-30). The author emphasises the importance of the 
proper control of the heat treatment for automobile parts, and 
discusses in the light of his experience at the works of Morris Motors, 
Ltd., some of the faults which may occur and their effect upon the 
grain size of the part being treated. 

Electric Heat Treatment of Chromium-Molybdenum Steel Tubes. 
F. Vdovin. (Stal, 1938, No. 5, pp. 48-54). (In Russian). Working 
with steel containing 0-85% of chromium, 0-22% of molybdenum 
and 0-30% of carbon, the author, after developing suitable equip- 
ment, studied the possibility of normalising cold-drawn tubes using 
the heat generated by the passage through them of a sufficiently 
strong electric current which was supplied from a step-down trans- 
former. The effects of different combinations of current value, time 
and temperature (up to 950° C.) on the mechanical properties and 
micro-structure are reported. The optimum conditions for the size 
of tube used in the experiments (1 m. x 20mm. x 0-75 mm.) were 
found to be a heating time of 1 min., using a current in the secondary 
circuit of 690 amp. which produced a temperature of 880-920° C. 
Alternatively, the tube could be heat-treated for 30 sec. at the same 
temperature using a current of 800 amp. The investigation was then 
extended to tubes of different dimensions and it included a study 
of the variations in the mechanical properties of the material 
at different places along the tubes. Finally, it was shown by 
mechanical tests, microscopic and X-ray examinations that the 
electrical method of heat treatment was also perfectly suitable for 
purposes of intermediate annealing during the cold-drawing of these 
alloy-steel tubes. f 

Choice of Steel Compositiou and Heat Treatment for Highly 
Stressed Springs. T.V.Sergievskaya. (Kachestvennaya Stal, 1938, 
No. 2, pp. 29-33). (In Russian). This investigation of the most 
suitable composition and heat treatment for spring steel included a 
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study of three spring steels of which two were chromium-silicon and 
the other was nickel-silicon steel. Optimum heat-treatment 
schedules were developed, based, on the one hand, on the results 
obtained after different heat treatments and, on the other, on the 
mechanical properties required in materials for highly stressed 
springs. 

9 Problems in the Heat Treatment of Steel. I.Samuels. (Australa- 
sian Engineer, 1938, vol. 38, Nov. 7, pp. 12-15, 46-47). The author 
discusses some practical examples of heat-treating steel which 
produced inconsistent results, and describes how the cause of the 
trouble was investigated and eliminated. He shows that in spite of 
the introduction of automatic temperature control and other devices, 
great skill is still required in many cases. He discusses the control 
of grain size and the correct heat treatment for a number of alloy 
steels, and concludes with a consideration of the possible causes of 
abnormalities in steel. 

Industrial Resistance Furnaces. L. Hégel. (Teknisk Tidskrift, 
1938, vol. 68, Dec. 10, pp. 97-103). (In Swedish). The author 
discusses the factors affecting the design of electric resistance furnaces 
for annealing, and describes and illustrates some furnaces of this type 
now in use in Sweden, including a rotating and a continuous furnace. 

The Townsend Company Installs New Wire Annealing Depart- 
ment, (Wire and Wire Products, 1938, vol. 13, Dec., pp. 731-732). 
A description is given of the annealing furnace and equipment 
recently installed by the Townsend Co. of New Brighton, Pennsyl- 
vania. The furnace is of the bell type and is fired by high-pressure 
natural gas in 14 vertical radiant tubes. There are four bases and 
inner covers. An overhead crane serves all four bases and is used 
to move the furnace on to any desired base and to raise and lower 
the inner covers and the spiders which carry the coils of wire. 

The Effect of Annealing Temperature and Annealing Time on 
Steel, especially Steel Plate. R. Pohl. (Metallwirtschaft, 1938, 
vol. 17, Nov. 25, pp. 1253-1256). The author discusses the relation- 
ships which exist between the duration and temperature of the anneal- 
ing treatment and the tensile strength, reduction of area at the 
fracture and the crystalline structure of steel. 

The Heat Treatment of Wire and Wire Products. (Wire Industry, 
1938, vol. 5, Nov., pp. 707-708; Dec., pp. 799-800, 823). Con- 

tinuation of a series of articles. (See Journ. I. and§.I1., 1938, No. II., 
p. 226 A). At an open discussion held by the Midland Metallurgical 
Societies, A. G. Robiette commented on the use of hydrogen and 
nitrogen obtained by cracking ammonia gas for the protective 
atmosphere in bright-annealing furnaces. Such an atmosphere is 
suitable for the annealing of stainless steels owing to the purity of 
the gases. Town gas is also used for bright annealing, but it has to 
be purified to remove any trace of sulphur. Pearson contributed to 
the discussion by enumerating the requirements of an ideal pro- 
tective atmosphere for bright annealing. He also presented tables 
1939—i M 
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showing in detail the applications of cracked ammonia gas and 
regenerated ammonia burner gas. The use of regenerated and 
recirculated ammonia burner gas is a recent development and its 
cost is in the neighbourhood of ls. per 1000 cu. ft. as compared with 
7s. to 11s. per 1000 cu. ft. for “ straight ’’ ammonia burner gas. 

Instrumentation as Applied to Normalizing Furnaces. H. A. 
Woolman. (Instrumentation Conference, Pittsburgh, Oct. 13-14, 
1938 : Industrial Heating, 1938, vol. 5, Nov., pp. 1036-1038). The 
author describes the layout of the temperature-measuring and 
fuel-gas control systems applied to a furnace which can be used for 
either normalising or blue-annealing steel strip. The furnace has 
five independently controlled heating zones; for normalising the 
first three are used for heating, whilst for blue-annealing the last 
three are used for heating. 

Electrode Salt Baths. (Wild Barfield Heat-Treatment Journal, 
1938, vol. 3, Dec., pp. 31-33). A brief description of a new electrode 
salt bath and the method of operating it is given. The current 
supply is three-phase and three electrodes set at 120° to each other 
dip into the salt. As the salt is practically a non-conductor until 
it is molten, special methods are employed for the initial heating. 
Two auxiliary electrodes of smaller section than the main ones are 
put in the empty bath and a piece of carbon is wedged between them 
and then covered with a layer of salt; the current is switched on, 
causing the carbon to glow and melt sufficient salt so that current 
will flow through it ; salt is then added until the main electrodes can 
be used, and the auxiliary electrodes are then withdrawn. The bath 
is fitted with a hood, a fan to extract the fumes, temperature- 
regulating devices, a radiation pyrometer and a thermocouple 
temperature indicator. 

New Oil-Base Quenching Media. I. I. Baranov. (Kachest- 
vennaya Stal, 1938, No. 3, pp. 50-51). (In Russian). The author 
carried out some experiments to check the work of Zakladnyy and 
Dorogov (see ‘‘ The Improvement of Oil Quenching Media,”’ p. 27 4), 
who found that the addition of birch-tree pitch to the machine oil 
used for quenching improved the properties of the steel quenched in 
it. Using a chromium-molybdenum and a chromium-silicon steel, 
the author found that the addition of birch-tree pitch improved the 
ductility, elongation, reduction of area and impact strength, but 
lowered the ultimate tensile strength and the limit of proportionality. 

The Quench-Ageing of Metallurgical Products. L. Guillet. 
(Génie Civil, 1938, vol. 113, Nov. 26, pp. 446-448 ; Dec. 3, pp. 469- 
472). After defining quench-ageing as a tempering treatment 
followed by a partial reheating which improves the tensile strength 
and elastic limit of a metal without reducing the elongation, the 
author discusses the changes in the structure and composition of an 
alloy which are caused by this treatment. In the second part of the 
paper he describes the heat treatment required to quench-age a large 
number of non-ferrous alloys and some of the nickel-chromium steels. 








f 
vol. 
tena 
som 
with 
weld 
proj: 
obta 
weld 
The] 
ina 
fill t) 
less s 
the s 
too | 
sumr 
and | 
proje 


Soud 
deseri 
weldii 
Al 
Dec. | 
Drum 
descri 
longit 
mum 
3 ft; | 
1 ft. € 
consist 
are pl; 
the ot 
and re 
motor 
motors 
Use 
Pearso 
Trade 
author 





. © Dm Oo — cr ioe 





( 1634 ) 
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(Continued from pp. 103 A—106 a) 


Spot and Projection Welding. J. L. Miller. (Engineer, 1938, 
vol. 166, Dec. 23, pp. 693-695). The author discusses the main- 
tenance of the electrode tips in spot welding machines and quotes 
some practical examples of the bad effects produced in welds made 
with flattened tips. He then describes the technique of projection 
welding, which overcomes this difficulty to a large extent. With 
projection welding the current density necessary to make a weld is 
obtained by means of raised projections on one of the sheets to be 
welded. The electrodes are large and flat with a large area of contact. 
The projections make small areas of contact first and quickly heat up ; 
in a very short time the projections collapse completely and partly 
fill the hollows made by the raising punch. Such a weld is much 
less sensitive to the time of heating, as, when the projections collapse, 
the sheets are in contact over a large area and the current density is 
too low to allow of any further welding action. The author 
summarises the advantages and disadvantages of projection welding, 
and concludes by enumerating the fundamental requirements of 
projection welding machines. 

Instruction in Electric Arc Welding. R. Salelles. (Revue de la 
Soudure Autogéne, 1938, vol. 30, Nov., pp. 541-545). The author 
describes in detail the layout of a building for a school for electric 
welding with special reference to the power-distribution system. 

An Automatic Arc Welding Machine. (Engineer, 1938, vol. 166, 
Dec. 16, pp. 670-671). Automatic Arc Welding Machine for Boiler 
Drums. (Engineering, 1939, vol. 147, Jan. 6, pp. 28-29). A 
description is given of an automatic welding machine for making 
longitudinal and circular welds on large boiler drums. The maxi- 
mum size of cylinder that can be dealt with is 78 ft. long and 
3 ft. 34 in. in diameter and the minimum size is 3 ft. long and 
1 ft. 6 in. in diameter. The machine, which is for use in Russia, 
consists of five parts: the work bed on which the cylindrical drums 
are placed ; two travelling columns to carry the welding head and 
the machine controls; the control gear; two sets of transformers 
and reactors for supplying current to the welding heads, and a D.C. 
motor generator set operating the control gear and the driving 
motors. A table of the operating data of this machine is presented. 

Use of Electric Welding Plant in the Steel Foundry. V. G. 
Pearson. (Institute of British Foundrymen, 1938: Foundry 
Trade Journal, 1938, vol. 59, Dec. 15, pp. 448-449). The 
author stresses the importance of the welding department in a steel 
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foundry, and condemns the practice of putting the welding equip- 
ment in a corner of the fettling shop. He explains why a welding- 
shop foreman is necessary instead of the responsibility being placed 
with the foreman of another department, and comments on methods 
of preparing repair work for welding and the inspection and testing 
of welds. In conclusion he points out some questions on which 
further research is required. 

Development of Welding Electrodes especially for Steel Con- 
struction. K. L. Zeyen. (Welding Journal, 1938, vol. 17, Nov., 
Supplement, pp. 21-27). The author presents tables which show 
the decline in the use of bare electrodes and the great increase in the 
use of coated electrodes in Germany and the United States during 
the last few years. He discusses and compares the properties of 
welds made with dipped, medium-coated and heavy-coated elec- 
trodes, and considers methods of stress-relieving welds with special 
reference to welds in German structural steel St 52. 

The Drying of Coated Welding Rods. (Engineering, 1938, vol. 
146, Nov. 25, p. 613). A description is given of a gas-heated drying 
cabinet for the rapid drying of the coatings on welding rods. A 
convection system of drying is adopted, and a special feature of the 
design consists in the means adopted to circulate air through the 
charge by a motor-driven fan. 

Flash Butt Welding of Rails. (Welding Industry, 1938, vol. 6, 
Dec., pp. 368-375). See the article entitled “The Sperry Rail- 
Welding Equipment ” which appeared in Engineering, 1938, vol. 
145, June 3, pp. 617-619. (Journ. I. and S.I., 1938, No. IL., p. 
230 A). 

The Production of Welded Gas, Water and Steam Tubes by the 
Fretz-Moon Process. P.Inden. (Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, Dec. 24, pp. 1489-1491). A description is 
given of the Fretz-Moon process of tube manufacture as employed in 
Germany for producing gas, water and steam tubes from 10 to 76 
mm. in outside dia. for use in houses. The process is a continuous 
one. The steel skelp is uncoiled and passes through a long gas-fired 
furnace, the burners in which are so arranged as to heat the edges of 
the skelp much more than the centre. Immediately on leaving the 
furnace the temperature of the edges is brought up to about 1400° C. 
by directing a stream of aironthem. The skelp then passes through 
the forming rolls, which produce the required curvature and press 
the edges together to form the continuous weld. This pressure can 
be controlled to suit the thickness and size of the tube. The 
process produces high-quality tubes with a high rate of production 
and low labour charges. 

Bi-Metal Construction of High Temperature Steel Valves. E. R. 
Seabloom. (Welding Journal, 1938, vol. 17, Nov., pp. 28-86). 
The author describes the manufacture of valves for use at tempera- 
tures up to 950° F. and pressures up to 1500 Ib. per sq. in. A special 
heat-resisting alloy (a cobalt-chromium-tungsten alloy is frequently 
used) is deposited on the valve face and seat using the oxy-acetylene 
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welding process. He describes the welding technique and the 
subsequent heat-treating and machining processes. 

Welding of Molybdenum Steels. W. Spraragen and G. E. Claus- 
sen. (Welding Journal, 1938, vol. 17, Nov., Supplement, pp. 12- 
20). The authors present a review of the literature up to July 1, 
1937, on the welding of molybdenum steels. A bibliography of 47 
references is appended. 

Fabrication and Uses of Low-Alloy High-Strength Steels. R. W. 
Johnston. (Welding Journal, 1938, vol. 17, Nov., pp. 11-15). 
After describing some of the low-alloy steels now available in America, 
the author describes their application in the manufacture of trams, 
trolley buses and petrol tank vehicles with particular reference to the 
welding technique employed. 

Electric-Furnace Brazing: Where and Why to Use It. H. M. 
Webber. (Iron Age, 1938, vol. 142, Sept. 8, pp. 34-39; Sept. 15, 
pp. 30-33, 62; Sept. 22, pp. 46-50; Nov. 3, pp. 30-35; Nov. 10, 
pp. 44-46 ; Nov. 24, pp. 28-33, 65; Dec. 8, pp. 48-50). In the first 
of this series of articles a description is given of the use of electric 
furnaces for brazing. In this process the parts are assembled with 
brazing wire in position near the joints to be brazed. These assem- 
blies are then passed through an electric furnace, in which a reducing 
atmosphere prevents the metals from oxidising, removes any oxides 
present, and thus prepares the surfaces of the parts to take the 
brazing metal. Then, when the brazing metal melts, it creeps on 
the surfaces of the parts and is drawn into the joints by capillary 
attraction, and alloys with the parent metal. Upon trans- 
ferring the work to an adjoining controlled-atmosphere cooling 
chamber, the alloys develop great strength on solidifying, and the 
assemblies cool down to a temperature at which they may be brought 
into the outside air without danger of discoloration due to oxidation. 
Illustrations show many motor-car parts to which this process has 
been successfully applied. In the second and third articles of this 
series the various methods of holding and supporting assemblies 
which are to be brazed are described and illustrated. These methods 
include pressing, spot-welding, swaging, spinning, expanding, peen- 
ing and crimping. In the fourth article the principles of capillary 
attraction and their application to brazing are explained. In the 
fifth article the methods of confining the brazing metal to the joints 
and the methods of removing any excess of brazing metal are de- 
scribed. In the sixth article of this series the author shows what 
form and quantity of brazing metal to use for various brazing jobs 
and how to place it relative to the joint to be made. The author 
devotes the seventh article of the series to the selection of the correct 
brazing metal and flux for a particular purpose, and to some notes 
on the provision of vents in closed hollow bodies to provide for the 
expansion of the air when they are put in the furnace. 

The Testing of Welds. R. Smallman-Tew. (Institute of 
Welding, Mar. 11, 1938: Welding Industry, 1938, vol. 6, 
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Dec., pp. 399-405). In this paper the author discusses the advan- 
tages and disadvantages of both the destructive and non-destructive 
methods of testing welds, and stresses the importance of planning 
the methods of testing in relation to the kind of information required. 

Shrinkage Control. G.J.Gibson. (Steel, 1938, vol. 103, Dec. 5, 
pp. 56-57). The author explains some general principles which 
should be observed in order to reduce the shrinkage which occurs in 
the electric welding of steel structures. 

The Influence of Residual Stress on the Strength of Welded 
Seams. J. P. Den Hartog and O. E. Rodgers. (Welding Journal, 
1938, vol. 17, Nov., Supplement, pp. 1-3). The authors describe a 
method of producing a distribution of internal stresses in plates 
similar to that found in welded plates without changing their metal- 
lurgical structure. By this method the effect of the internal stresses 
on the mechanical properties can be evaluated without interference 
from metallurgical changes consequent upon the welding process. 
It was found that the strength of the plates tested remained the same 
whether internal stresses existed or not. From this the authors 
deduce that the cracks experienced in welded structures of ductile 
boiler plate subjected to slowly varying stress are not due to internal 
stresses, but must be a result of the metallurgical modifications in 
the material. 

The Determination of Internal Stresses from the Temperature 
History of a Butt-Welded Plate. O. E. Rodgers and J. R. Fletcher. 
(Welding Journal, 1938, vol. 17, Nov., Supplement, pp. 4-7). The 
authors calculate the internal stress distribution to be expected in 
two plates, butt-welded together by the thermit process, from the 
record of the variation with time of the temperature over the surface 
of the plate. The results obtained were found to be in good agree- 
ment with the internal stresses measured by the relaxation method. 

Effect of Eccentricity on the Strength of Welded Joints. W. W. 
Strecker. (Welding Journal, 1938, vol. 17, Nov., Supplement, 
pp. 8-11). The author describes an investigation of five different 
types of welded joint commonly used in structural work. Ten 
groups of specimens were examined ; in five of these the welds were 
symmetrically placed relative to the load, and in the other five the 
welds were eccentrically placed relative to the load. The results 
indicate that the stress is uniformly distributed on the weld throat 
in ordinary weld design, but that this does not hold good in cases of 
eccentric loading. The author also found that the effect of eccentric 
loading is not as serious as a strict application of the formula for the 
combination of bending and direct stresses would indicate. 

Elastic Models for Studying Stresses in Welded Joints. E. W. P. 
Smith. (Machinist, 1938, vol. 82, Dec. 3, pp. 5828-5848). The 
author describes a method of studying the stresses in welds in which 
models of rubber or other suitable elastic material are used. The 
method of making and using the models is as follows : Squares or 
other suitable patterns are marked off on a rubber sheet of uniform 
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thickness, after which the type of joint to be investigated is drawn to 
scale on the ruled sheet and then cut out. The dimensions of the 
squares are carefully measured at no load and recorded. ‘The model 
is then‘subjected to known loads, which must not exceed the elastic 
limit, and measurements of the deformed squares are taken under 
load and recorded. ‘The linear difference in the dimensions of the 
separate squares before loading and under load is an indication 
of the magnitude or amount of stress at that particular area. 

The Principle of Photo-Elastic Measurement. A. Goelzer. 
(Soudeur-Coupeur, 1938, vol. 17, Sept.—Oct., pp. 13-24). The 
author explains the theories of the internal equilibrium of elastic 
bodies, the theories of elasticity and of polarised light, and 
D. Brewster’s discovery of double refraction. In the concluding 
part of his paper he applies these theories in some practical 
examples to show how the internal stresses in welded components 
can be measured. 

The Fatigue Strength of Welded Rails. O. Graf. (Autogene 
Metallbearbeitung, 1938, vol. 31, Aug. 15, pp. 255-266). The author 
presents a report on his investigation of the fatigue strength of three 
kinds of joint in German steel rails. These joints were made by 
(a) fishplates and bolts, (b) oxy-acetylene butt-welding, and (c) oxy- 
acetylene butt-welding with the addition of fishplates welded on. 
(An abridged English translation of this report is published in 
Welding Journal, 1938, vol. 17, Nov., Supplement, pp. 29-30). 

Reversed Bend Fatigue Strength of Fillet and Butt Welds. A. 
Thum and A. Erker. (Welding Journal, 1938, vol. 17, Nov., 
Supplement, pp. 27-28). An abridged English translation of an 
article which appeared in Zeitschrift des Vereines deutscher 
Ingenieure, 1938, vol. 82, Sept. 17, pp. 1101-1106. (See Journ. I. 
and §.I., 1938, No. II., p. 371 A). 
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(Continued from pp. 33 A-34 A) 


An Investigation into the Use of Metallic Abrasives. J. E. Hurst 
and W. Todd. (Institute of Vitreous Enamellers, Oct. 28-30, 1938 : 
Foundry Trade Journal, 1938, vol. 59, Dec. 1, pp. 408-412). See 
p- 39 A. 

The Degreasing of Steel with Various Degreasers. KE. Greulich. 
(Korrosion und Metallschutz, 1938, vol. 14, Oct.-Nov., pp. 340-345). 
The author compares the results of degreasing tests on a number of 
steel specimens covered with oil and fat made by the hydrogenation 
of blubber using petrol and three other unnamed degreasing agents. 

Suitable Means of Pickling Steel. P. Dickens. (Stahl und Eisen, 
1938, vol. 58, Nov. 24, pp. 1343-1346). The author presents a 
comprehensive survey of the important points concerning the 
pickling of steel. He describes the use of salts and sulphuric acid, 
and explains the effects of temperature and acid concentration upon 
the rate of pickling, and shows that there are so many variables, 
such as shape, surface condition and formation of scale, that no 
general pickling procedure can be laid down as being applicable to 
all cases. In conclusion the author discusses the electrolytic 
method of pickling. 

Continuous Pickling of Wide Strip Steel with Flash Welding. 
L. R. Milburn. (Iron and Steel Engineer, 1938, vol. 15, Nov., pp. 
32-42). The author describes the general layout of the complete 
pickling plant for 96-in. strip installed at the mills of the Great Lakes 
Steel Corporation, and then gives a detailed description of the shears, 
the flash-welding machine and trimming device and how they are 
controlled. 

Pickling Acid Recovery Plant. (Engineer, 1938, vol. 166, Nov. 4, 
pp. 508-509). A description is given of the Kestner Fakler pickling- 
acid recovery plant; this incorporates neither an evaporator nor a 
refrigerator, and is therefore inexpensive and simple in construction. 
The method of operation is as follows : Dirty acid from the pickling 
tanks is pumped into the settling tank, where it is left for a minimum 
period of two or three hours, so that the dirt, scale and other solids 
settle. The clear green liquid which is left is drawn off by a 
second pump and passed to the crystallisers, where ferrous sulphate 
crystals are formed. The mixture of acid and crystals is fed by 
gravity to filters or hydro-extractors. The crystals are carried 
away for storage or bagging, and the clean acid is passed into a 
regenerating tank, diluted with water, and returned to the 
pickling tank. It will be seen that the ferrous sulphate is recovered, 
and that no acid is lost except the trace in the sludge drained from 
the settling vat, which is stated not to exceed 1%. 
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(Continued from pp. 35 a—40 a) 


Impact of Science on Electroplating. S. Wernick. (Seventh 
William James Memorial Lecture, Electrodepositors’ Technical 
Society, Nov. 11, 1938: Metal Industry, 1938, vol. 53, Dec. 2, pp. 
545-547). The author discusses the benefits which the plating 
industry derives from the co-operation of the scientist and the 
practical plater, points out where co-operation is still lacking and 
makes some suggestions with the object of improving the relationship 
between them. 

Breakdown Phenomena in Alitised Coatings on Carbon-Bearing 
Iron. W. Baukloh and W. Boke. (Iron and Steel Institute, 
Carnegie Scholarship Memoirs, 1938, vol. 27, pp. 145-148). Alitised 
coatings are produced by heating an iron or steel object in a powder 
consisting of 40% of iron and 60% of aluminium at about 1000° C. 
for 10 hr. without access of air. In a previous research it had been 
observed that the coating might sometimes disintegrate, leading in 
some cases to the complete destruction of the protective surface 
coating. 

From the observations recorded in this memoir it may be con- 
cluded that the disintegration of the alitised coating on carbon- 
bearing iron is associated with the occurrence of Al,C, and that it 
is rendered much more rapid by the presence of damp air. 

Aluminium-Coated Steel Wire. C. G. Fink. (Wire and Wire 
Products, 1938, vol. 13, Oct., pp. 579-581). The author describes 
the process of producing an aluminium-coated steel wire known as 
“ Alplate,” and explains the theoretical and practical considerations 
which led to the use of a furnace with a hydrogen atmosphere 
— which the steel wire passes before entering the aluminium 

ath. 

New Processes of Surface Treatment and of Metal Protection. H. 
Schulze-Manitius. (Metallwirtschaft, 1938, vol. 17, Nov. 25, pp. 
1251-1253). The author describes some new appliances used for 
the pickling and plating of metals such as dipping baskets and a 
dipping device designed to remove dross from the surface of a lead 
bath so that a plate which is to be coated with lead will enter and 
leave the bath without passing through the dross. 

Some Recent Sheet Galvanizing Installations. A. V. Ritts. 
(Industrial Heating, 1938, vol. 5, Oct., pp. 971-974). The author 
describes some American continuous sheet-galvanising plants with 
Operating speeds of 25-100 ft. per min. which can deal with sheets 
of from 14 down to 34 gauge. 
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American Hot-Dip Galvanising Practice. W.G. Imhoff. (Blast 
Furnace and Steel Plant, 1938, vol. 26, July, pp. 683-688, 716-717, 
23; Sept., pp. 910-916, 940; Oct., pp. 1000-1007, 1011). 
Continuing this paper (see Journ. I. and S8.I., 1938, No. IL, 
p. 154 a) the author deals in Part VI. with the galvanising 
of wire, discussing the processes of annealing, cooling, pickling, 
rinsing and the various coating processes. Part VII. he devotes 
to a description of the process of galvanising small articles 
such as bolts, nuts and washers, and large structural steel members. 
In Part VIII. the author gives particulars of the dimensions and 
layout of a galvanising works producing domestic articles, such as 
buckets, barrels and refuse bins, describes the various processes and 
presents tables of the consumptions of acid for pickling, acid 
strengths and temperatures and the production capacities of a 
number of American plants. 

The Galvanising of Steel. (Metal Treatment, 1938, vol. 4, 
Autumn issue, pp. 102-107). Abridged English translations are 
given of the four papers on galvanising entitled “‘ The Present 
Situation of the Hot-Dip Galvanising of Steel’ by R. Haarmann 
and W. Radeker, ‘‘ Hot Galvanising of Steel Wire ”’ by A. Keller and 
K. A. Bohacek, “ Electrolytic Tinning and Zincing of Iron and Steel ” 
by G. Elssner, and “‘ Life of Galvanised Coatings Exposed to Corrosive 
Influences” by K. Daeves, W. Piingel and W. Radeker, which 
appeared in Stahl und Eisen, 1938, vol. 58, Apr. 14, pp. 397—413. 
(See Journ. I. and §.I., 1938, No. II., pp. 30 A, 31 A, 51 A). 

Notes on Galvanising Technique. R. Springer. (Korrosion und 
Metallschutz, 1938, vol. 14, Oct.—Nov., pp. 317-324). The author 
reviews the improvements in galvanising technique which have been 
introduced in Germany during the last two years, and discusses the 
part which galvanising plays in the German four-year plan. 

The Effect of the Addition of Aluminium on the Formation of the 
Coating in Hot-Galvanising. H. Bablik and F. Gétzl. (Korrosion 
und Metallschutz, 1938, vol. 14, Oct.—Nov., pp. 350-353). The 
authors discuss the effects which additions of aluminium to the 
galvanising bath have upon the brightness, bending properties and 
adhesion of the resultant zinc coating. 

Bright Zinc Plating. R. Spears. (Electrodepositors’ Technical 
Society : Metal Industry, 1938, vol. 53, Nov. 18, pp. 497-498). The 
author discusses the general principles governing the electro- 
deposition of zinc with particular reference to the proportion of 
sodium cyanide to zinc in the bath, and the temperature and purity 
of the solution. , 

Modern Processes of Electrolytic Zinc-Plating. H. Fischer and 
H. Baermann. (Korrosion and Metallschutz, 1938, vol. 14, Oct.- 
Nov., pp. 356-364). The authors describe their investigation of the 
advantages and disadvantages of a number of electrolytic zinc- 
plating processes and compare zinc with cadmium coatings. Their 
conclusions are as follows: (1) Comparing a recently introduced 
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direct bright zinc-plating process with corresponding cadmium- and 
nickel-plating processes, the properties of the cadmium and zinc 
coatings were found to be approximately the same, but the zine was 
less costly ; (2) by using suitable bath compositions and high current 
densities it is now possible to increase the throughput of a zinc- 
plating bath so as to equal, or even exceed, that of a cadmium bath ; 
(3) by using an alkaline, copper-bearing, zinc-plating bath it is pos- 
sible to produce a coating as hard as an electroplated nickel coating ; 
(4) small additions of mercury, cadmium or lead to the zine bath 
do not improve the corrosion-resistance of the coating. Mercury 
should not be added to the bath because if the coating subsequently 
comes in contact with aluminium or its alloys, rapid corrosion will 
occur; (5) a subsequent coating of chromium will increase the 
corrosion-resistance of the zine, so that only a very thin zinc coating 
need be applied in such cases ; (6) hard zinc coatings are less corro- 
sion-resistant than the ordinary zinc coatings. In conclusion the 
authors describe the Tainton galvanising process used by the 
Bethlehem Steel Co. 

Flux Inclusions in Hot-Dipped Tin Coatings. P. Rocquet. 
(International Tin Research and Development Council, 1938, 
Publication No. 80). The author examines the causes of flux 
inclusions in tinned steel sheets, and shows that every pit or fissure 
which may be produced in the course of the pickling that precedes 
the tinning of steel may retain a particle of flux by capillary attrac- 
tion. Such flux inclusions are always found under hot-dipped tin 
coatings. In the case of steels containing silicon, a type of inter- 
crystalline corrosion may increase the number of inclusions, but this 
corrosion can be completely eliminated by suitably regulated pickling. 

Electroplating of Tinplate. A. W. Hothersall and C. J. Lead- 
beater. (Metal Industry, 1938, vol. 53, Nov. 4, pp. 447-451). This 
paper is reproduced from the International Tin Research and 
Development Council, 1938, Technical Publication, Series A, No. 79. 
(See ‘« The Nickel and Chromium Plating of Tinplate,” p. 35 A). 

The Electrodeposition of Tin from Acid Sulphate Solutions. II. 
A. W. Hothersall and W. N. Bradshaw. (Electrodepositors’ 
Technical Society : International Tin Research and Development 
Council, 1938, Publication No. 83). The work reported by 
the authors in a previous paper (see Journ. I. and S.I1., 1937, No. 
II., p. 233 A) has been continued with two main objects, first, to 
examine the behaviour of selected acid sulphate baths over an 
extended period, and secondly, to compare the effects of different 
sulphonic acids on the covering power and stability of the solutions. 
These tests failed to reveal any addition agents superior to those used 
in two previous trial baths. The authors describe how to prepare 
and control the solutions which they found to be satisfactory. 

The Application of Metal Spraying Technique. R. Rengshausen. 
(Metallwirtschaft, 1938, vol. 17, Dec. 9, pp. 1312-1313). The 
author describes the technique of metal spraying and discusses 
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many of its applications such as forming a base coating of aluminium 
followed by a top coating of zinc, and the application of coatings of 
aluminium-magnesium alloys. He also gives particulars of the 
costs in Germany of applying coatings by this method. 

Sprayed Zine for Protection against Atmospheric Corrosion. 
H. B. Rice. (Iron Age, 1938, vol. 142, Nov. 24, pp. 34-36). The 
Protection of Steel Surfaces by Sprayed Zinc Coatings. (Engineering, 
1938, vol. 146, Dec. 2, pp. 657-658). The author describes a process 
of spraying zinc employed by a Pacific Coast company in which zinc 
wire up to 4 in. thick is melted in an oxy-acetylene flame and the 
molten metal blown by compressed air on to the surface to be coated. 
He presents data of the consumption and costs of spraying large 
tanks by this method. 

Scientific Aids to Control in Vitreous Enamelling. J. G. Pearce 
and G. T.O. Martin. (Foundry Trade Journal, 1938, vol. 59, Nov. 3, 
pp. 333-338). See p. 38 a. 

These Paints Defy Corrosion. A. H. Stuart. (Paint Manu- 
facture, 1938, vol. 8, Nov., pp. 357-360). The author explains the 
fundamental laws governing corrosive attack and shows how these 
are influenced by the presence of a film of paint. In considering the 
corrosion of a specimen in water containing dissolved oxygen, he 
explains that if the rate at which atoms become ions is just balanced 
by the reverse transformation, the potential of the specimen will not 
be affected. If, however, the ions are removed by oxidation, the 
resulting negative potential of the metal specimen will be an index 
of its rate of corrosion. The author also describes an apparatus 
whereby this potential can be readily measured. 

Influence of a Paint Film. A. H. Stuart. (Paint Manufacture, 
1938, vol. 8, Dec., pp. 393-394). The author distinguishes between 
paint films which only protect a metallic surface as long as they are 
unbroken and have no influence on the rate of corrosion when 
corrosion has once started, and the true anti-corrosive paints which 
have a retarding effect on the rate of corrosion. He refers to the 
beneficial effect of a film which tends to raise the pH value of any 
attacking liquid before it penetrates the coating, to the size and shape 
of the particles forming the pigment, and to the influence of the 
pigment on the vehicle. 
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PROPERTIES AND TESTS 





(Continued from pp. 109 a-119 a) 


The Meaning and Purpose of the Investigation of Materials. K. 
Daeves. (Stahl und Eisen, 1938, vol. 58, Dec. 8, pp. 1397-1403). 
After stating that the purpose of investigation is the obtaining, 
classification and evaluation of information so as to build up the 
laws of cause and effect, the author discusses the relative values of 
laboratory and large-scale investigations. He warns scientists of 
the dangers of over-specialisation and stresses the need of the 
interchange of information between the designer, the producer and 
the user. 

Static and Dynamic Tests of Cast and Rolled Materials Submitted 
Simultaneously to Tension and Torsion. G. Welter and A. Bukalski. 
(Wiadomosci Instytutu Metallurgii i Metaloznawstwa, 1938, vol. 5, 
No. 3, pp. 120-126). The authors discuss the results of submitting 
specimens of rolled steel, grey cast iron and non-ferrous alloys to 
tensile and torsional tests simultaneously. They found that : 
(a2) Up to a critical point of plastic deformation the properties of 
mild steel remained unchanged; (b) heavily deformed mild steel 
showed an increased resistance to static tensile stresses, but the 
elongation and reduction in area were less; and (c) under dynamic 
tensile stresses all three of these values were lower. 

The Need for Brittleness Tests in View of the Applications of 
Carbon Steels. J. Merklen and E. Vallot. (Génie Civil, 1938, vol. 
113, Dec. 3, pp. 475-476). The authors consider the advisability of 
adopting the Charpy notched-bar impact test as one of the standard 
acceptance tests for carbon steels. 

The Interpretation of Notched-Bar Tests. (British Engine, Boiler 
and Electrical Insurance Co., Ltd., Technical Report, 1937, pp. 
56-76). In this critical study of the significance of notched-bar 
tests the danger of generalising when attempting to form an opinion 
on the relative significance of Izod results obtained for different 
materials is emphasised. The test is complex, and there is a differ- 
ence in the response of different materials. When judgment is used, 
however, there is good ground to consider that the test results give 
information on a material which is quite equal, or even superior, to 
that obtained in any one of the usual commercial tests. Apart from 
the function of the test in showing the energy absorbed during final 
cracking, the test also gives an indication of the capacity for deforma- 
tion of a material at a position of highly localised stress, before the 
general spread of the crack into the body of the specimen. The energy 
expended in causing initial failure is largely dependent on the 
capacity of notched materials to deform with a relatively small rise 
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in stress, but, in general, a small value for this quality of metal 
denotes that the material has a comparatively low and well-marked 
yield point. The onus in understanding the test is on the framer of a 
specification, who, before he lays down a standard figure, should 
acquaint himself with the idiosyncrasy of the test applied to that 
material. In conclusion it is also emphasised that, in any attempt 
to interpret a test result without analysis, the surface of the fracture 
and the manner in which the specimen has deformed should be 
closely studied, when a useful guide to the behaviour of the material 
is generally given. 

Apparatus for High-Speed Repeated-Impact Testing of Metals 
under Separately-Applied Stress. G. C. Seager and W. H. Tait. 
(Engineering, 1938, vol. 146, Nov. 25, p. 611). The authors describe 
an apparatus designed for the purpose of administering rapidly- 
repeated blows to a test-piece, which can simultaneously and inde- 
pendently be subjected to tensile or other stresses. The machine 
is electrically driven and administers 50 impacts per sec. The 
machine is intended to produce conditions similar to those which 
are believed to cause the cracking of bearing metals in internal- 
combustion engines. 

The Influence of Form and Scale on Strength. R. J. Roark, R. 8. 
Hartenberg and R. Z. Williams. (Bulletin of the University of 
Wisconsin, Engineering Experiment Station Series No. 84, 1938). 
The authors present a report of their investigation which was under- 
taken to obtain data to be used in the calculation of the strength of 
structural elements made of brittle materials such as cast iron, 
various cast alloys and concrete. The data obtained by the series 
of different mechanical tests on ordinary specimens and on others in 
which there was a stress concentration caused by an irregularity such 
as a screw thread, a hole or a notch, were used first to calculate a 
“factor for stress concentration,” which is the ratio of the true 
maximum stress to the nominal stress calculated without regard to 
the irregularity, and secondly to calculate the “factor of stress 
concentration at rupture,” which is the ratio of the computed stress 
at rupture in a plain specimen to that in a specimen containing an 
irregularity. The values of these factors for geometrically similar 
specimens were also studied. 

Typical Failures of Stili Tubes in Refineries. E. C. Wright. 
(Metal Progress, 1938, vol. 34, Nov., pp. 573-578). The author 
summarises the results of a number of metallurgical examinations 
undertaken to establish the causes of failures in oil refinery still tubes. 
He finds that in practically all cases the original carbide as pearlite 
had been changed to the spheroidised state, the only difference 
between the various fractures being in the size of the carbide particles. 
As in modern cracking furnaces the optimum outlet oil temperature 
is 1050° F., the temperature of the tubes must approach 1150- 
1200° F. The tubes should therefore be made of steel with a high 
creep strength. 
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Transverse Fissures in Rails. E. A. Wraight and R. N. Chaud- 
huri. (India Store’s Department Report: Iron and Coal Trades 
Review, 1938, vol. 137, Dec. 2, p. 930). The authors discuss three 
possible causes of the development of transverse fissures in rails, and 
state that most probably these cracks have their origin in the process 
of cooling on the hot-bed after rolling. They then describe the 
results of the unequal contraction of a flat-bottomed rail caused by 
the foot cooling more quickly than the head, and give a table showing 
the amount of artificial camber which should be given to flat-bottomed 
rails of various sections in order to balance the camber caused by this 
unequal cooling. 

Failure of Boiler-Plates. (British Engine, Boiler and Electrical 
Insurance Co., Ltd., Technical Report, 1937, pp. 11-13). Two cases 
of the failure of boiler-plates are reported. In the first case, cracks 
had developed round the rivet holes at the end of a strap on a Cornish 
boiler. They were probably caused by the rivet holes having 
been punched and badly aligned. In the second case cracks and 
honeycombing had occurred in a boiler-plate of a road roller and the 
cause was found to lie in excessive and prolonged vibration. 

Failure of Generating and Superheater Tubes of Steam Boilers. 
(British Engine, Boiler and Electrical Insurance Co., Ltd., Technical 
Report, 1937, pp. 14-21). The investigation of the failure of a 
steam-generating tube in a water-tube boiler revealed that the burst 
occurred at the part at which the hottest gases impinged. The 
immediate cause was overheating, probably due to the restriction 
of the circulation owing to the breaking loose of the inner tube. 

Failure of Crankshafts. (British Engine, Boiler and Electrical 
Insurance Co., Ltd., Technical Report, 1937, pp. 30-40). In one of 
the cases of crankshaft failure reported, the cause was found to be 
the high stresses set up by fusion-welding the keys which fixed the 
flywheel to the crankshaft. In another instance the breaking of a 
crankshaft was found to be due to running the engine with the 
crankshaft out of line, and in a third case failure had occurred at a 
sharp change in section, no attempt having been made to form a 
fillet at the reduction in section. 

Fatigue-Testing Machines with Rack and Differential Sectors. 
J.Pirkland H. von Laizner. (Archiv fiir das Eisenhiittenwesen, 1938, 
vol. 12, Dec., pp. 305-308). It has in the past been practically 
impossible to employ a direct crankshaft and connecting-rod drive 
for push-pull testing machines because the minute elongations of the 
test-piece prevented a constant amplitude from being maintained. 
In this paper the authors describe in detail a machine of their own 
design in which this difficulty has been overcome. This machine 
has already produced 300 million stress reversals and is still giving 
satisfactory service. The principle of the machine will be under- 
stood by considering two cogwheels of different diameter mounted 
onone spindle. The teeth of the larger wheel engage in a fixed rack, 
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and those of the smaller wheel in a movable rack. If the larger 
wheel is rolled one complete revolution along the fixed rack, it will be 
seen that the teeth of the smaller wheel will not only move along the 
rack in which they engage, but will also move the rack itself through a 
distance equal to the difference between the lengths of the circum- 
ferences of the two wheels. It will also be seen that if the larger 
wheel is moved to and fro, the smaller wheel will move the other rack 
to and fro. In applying this principle to the machine in question, 
the authors have used only a sector instead of a complete wheel; 
this sector has stepped faces so as to give the two required diameters, 
A crankshaft and connecting-rod mechanism driven by an electric 
motor is attached to the apex of the sector or rocker and imparts a 
rocking motion to it. The outer periphery rocks on a rack fixed to 
the bedplate of the machine and the inner periphery rocks on, and 
moves, a strip which carries a chuck in which one end of the test-piece 
is mounted. The movement of the strip thus imparts the push-pull 
motion to the test-piece. The machine can be adjusted very 
accurately to produce amplitudes of movement up to0-lmm. The 
electrical device for measuring the amplitude and the oil pump to 
supply oil for cooling the specimen are also described. 

The Effect of the Shape and the Structure of the Specimen when 
Determining the Fatigue Strength of Special Steel for Tubes. E. 
Maurer. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Dec., 
pp. 293-297). The author discusses and compares the results of tests 
on a series of copper-molybdenum steels used for tube-making. In 
some cases tubular specimens were used, and in others round bars 
and flat strips from the same melt of steel were tested. He found 
that the fatigue strength of the strips was often much less than that 
of tubular and round specimens, and that round specimens from 
solid bars had a higher fatigue strength than tubular specimens. 
The reason for this was that the solid round bars were hot-rolled 
and not annealed, whilst the tubes were cold-drawn and annealed, 
during which the structural transformation was not always com- 
plete. The author found that the answer to the question “Is it 
necessary to use tubular sections to determine the fatigue strength 
of a tube?” is that rectangular strips cut from the tube wall 
can be used, provided that the test is carried out in accordance with 
the guiding principles of the Deutscher Verband fiir die Material- 
priifungen der Technik and by H. Juretzek and F. Sauerwald’s 
process. The maximum fatigue strength of a tube of copper- 
molybdenum steel is attained when the crystalline structure is 
completely transformed by the annealing. 

Recent Developments in European Research on Fatigue of Metals. 
R.P.Seelig. (Bulletin of the American Society for Testing Materials, 
1938, Oct., No. 94, pp. 23-30; Dec., No. 95, pp. 15-21). The author 
reviews the research work on fatigue-testing which has been done in 
Europe during the last three years. He explains the theory, the 
apparatus and technique employed for fatigue-testing and discusses 
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the effect of notches, different shapes, corrosion and method of 
manufacture on the fatigue strength. 

Predicting the Stress in a Shaft in Torsional Vibration. J. Geiger. 
(Mitteilungen aus den Forschungsanstalten des Gutehoffnungs- 
hiitte-Konzerns, 1938, vol. 6, Nov., pp. 225-233). The author 
shows that the use of vector additions to predict the critical stresses 
set up in a shaft subject to torsional vibration leads to errors 
when the vibration is heavy, and that there is no one damping 
factor which is applicable to all motors used for testing. He 
explains his own method of calculating the stress set up by torsional 
vibration. 

What is Hardness? G. Derge. (American Society for Metals, 
Oct., 1938: Industrial Heating, 1938, vol. 5, Nov., pp. 1011- 
1014). The author summarises the more interesting information 
which came to light during the Round Table Discussion on the 
Nature of Hardness organised by the Physics of Metals Committee 
of the American Institute of Mining and Metallurgical Engineers. 
He refers to J. J. Kanter’s method of interpreting indentation test 
results by expressing the hardness in terms of the work done per 
unit volume of indentation, and to Shockley’s discussion of the 
quantum theory of interatomic forces and its application to the 
compressibility and deformation of metals. In conclusion he 
discusses Gensamer’s view that the physical nature of hardness can 
best be studied by considering it as the resistance to deformation 
as measured by the true stress-strain curve determined in simple 
tension or compression tests. 

Rebound Methods of Measuring Hardness. S. R. Williams. 
(Instruments, 1938, vol. 11, Dec., pp. 303-306). The author gives a 
detailed description of the Shore scleroscope and discusses the 
applications of this instrument and of the Rockwell hardness testing 
instrument. 

Wear Resistance. W. H. Spencer. (Steel, 1938, vol. 103, 
Dec. 5, pp. 60-61). The author discusses the causes of a particular 
form of wear which frequently occurs when an iron or steel body 
moves over another iron or steel body—e.g., a cast-iron piston ring 
in a steel cylinder. This wear, which the author calls “ scupping,” 
is a mild form of seizing. He then describes the process of ‘‘ Grano- 
sealing,” which imparts a phosphate coating to the ring. This has 
the property of spreading and holding lubricating oil. In this 
process the parts to be coated are immersed in a dilute phosphoric 
acid bath at about 210° F., washed in water and dipped in a soluble 
oil solution, after which they are dried. In conclusion he mentions 
some of the properties of the coating. 

The Wear-Resistance of Grey Cast Iron with Special Reference 
to Cylinder Blocks and Sleeves. M. von Schwarz. (Giesserei, 1938, 
vol. 25, Dec. 16, pp. 637-642). The author describes his investiga- 
tion of grey cast iron as used for automobile cylinder blocks for 
which he used Nieberding’s testing machine. He reproduces 
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numerous micrographs and correlates the structure and wear of 
specimens of different analyses. 

Achievements in the Field of Ferro-Magnetic Alloys in Russia 
during the Past 20 Years. V.S. Mes’kin. (Kachestvennaya Stal, 
1937, No. 11, pp. 32-40). (In Russian). The author reviews research 
work and practical developments in Russia in the field of permanent 
magnet steels, soft magnetic alloys and alloys with special magnetic 
properties. The latter include special non-magnetic cast irons and 
steels. Nickel-free non-magnetic cast iron and a machineable 
non-magnetic steel which also does not contain nickel (analysis : Car- 
bon 0-35-0-45%, manganese 13-14%, aluminium 3-3-5% and 
copper or chromium 2-2-5%) are of special interest. Another 
interesting recent development is the production of an alloy of the 
“Calmalloy ” type (nickel 66%, copper 30%, iron about 2-5%) 
which, however, contains half the amount of nickel (which has 
to be imported) and is also free from copper. The alloy is claimed 
to be superior to “Calmalloy ” in some respects. Finally some 
reference is made to work on high-permeability alloys. A very useful 
list of 46 references to publications on Russian research work on 
magnetic alloys is appended. 

The Effect of Copper, Molybdenum, Tungsten, Titanium and 
Vanadium on the Magnetic Properties of Iron-Nickel-Aluminium 
Alloys. A. Zaymovskiy, P. Denisov and N. Volkenshteyn. (Stal, 
1938, No. 5, pp. 60-64). (In Russian). Maximum remanence and 
coercive force in permanent magnets of 5-10 sq. cm. cross-section 
containing 28% of nickel and 11% of aluminium can be obtained 
by quenching in oil at 1250-1280° C. and tempering at 650° C. 
In 1935-36 the Russian Eiectrical Research Institute developed an 
alloy containing 20-33% of nickel, 9-12% of aluminium and 
5-2% of cobalt, which when made with cross-sections of from 5 to 
20 sq. cm. had much better magnetic properties than the iron- 
nickel-aluminium alloys. Its heat treatment was also extremely 
simple, consisting of cooling in air from 1200°C. In the present 
article the results of a research on the effect of other alloying con- 
stituents are summarised. Copper was added mainly as a substitute 
for nickel, whilst the object of the other alloy additions was either 
to reduce the rate of decomposition of the « solid solution or to 
increase the coercive force or magnetic energy content. The results, 
given in the form of curves, show that, whereas copper lowers the 
magnetic properties when used as a substitute for nickel, it has a 
beneficial effect upon 25/15, 28/13 and 30/11 nickel-aluminium 
alloys, and confers on them satisfactory properties in the as-cast 
condition. Vanadium and titanium improve the behaviour of the 
steel during quenching and tempering, and raise the coercive force, 
at the same time lowering the remanence. Molybdenum is very 
deleterious, whilst tungsten is less so. The beneficial effect of alloy- 
ing additions on the coercive force of iron-nickel-aluminium alloys 
decreases in the order cobalt, titanium, vanadium, copper. 
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Influence of Copper on Nickel-Aluminium Steel. B. G. Livshits 
and L. A. Chudkovskaya. (Kachestvennaya Stal, 1938, No. 3, 
pp. 42-45). (In Russian). With the object of studying the 
possibility of partially replacing nickel in nickel-aluminium per- 
manent-magnet steel, a series of alloys containing aluminium 
11-12% and nickel plus chromium 28% and another series of 
alloys with the same nickel plus chromium content, but in which the 
aluminium content had been increased to 13° with the object of 
raising the coercive force, were prepared and investigated. The 
results were compared with those given by ternary 28/11 and 26/12 
nickel-aluminium steels. The effects of heat treatment and, in 
particular, the quenching rate, on specimens of these alloys of different 
cross-section were examined. In general it was found that the 
substitution of nickel by aluminium increased the residual induction 
and lowered the coercive force. The optimum copper content 
appears to be 6%. The nickel-aluminium-copper steels showed a 
much greater degree of permanency of magnetism in the cast state 
than did the aluminium-nickel steels with an increased aluminium 
content which are used without being heat-treated. In the as-cast 
condition a specimen of 10 sq. cm. cross-section containing nickel 
22%, aluminium 145% and copper 6% will give a remanence of 
600 gauss and a coercive force of 400 oersted and thus appears to be 
of definite practical value. 

Investigation and Production of High Permeability Iron-Nickel 
Alloys. A. 8. Zaymovskiy and L. Sh. Kazarnovskiy. (Kachest- 
vennaya Stal, 1938, No. 3, pp. 37-42). (In Russian). Iron-nickel 
alloys with about 50%, 65% and 78-5% of nickel were prepared 
and their heat treatment and magnetic properties were investigated. 
Ordinary Armco iron and nickel shot, which had not been vacuum 
melted, were used and the alloys were made by melting in a 50-kg. 
H.F. induction laboratory furnace. The ingots were forged into 
billets 200 x 600 x 25 mm., which were hot-rolled down to sheet 
1-1-3 mm. thick and finally cold-rolled down to 0:30 mm. thick. 
The material was annealed in a hydrogen atmosphere at 1000- 
1200° C. for 2-10 hr. and then cooled at different rates. After 
annealing, the specimens were found to have the following magnetic 


properties : 
Alloy. Initial Permeability. Max. Permeability. 
Moe Mmax- 
50/50 nickel-iron 2.000-3,000 55,000-60,000 
65/35 nickel-iron 2,500-3,500 130,000—270,000 
78°5/21°5 nickel-iron 6,000-12,000 120,000-170,000 


In spirally-wound transformer cores weighing 2-3 kg. the 78-5°% 
nickel Permalloy had an initial permeability of 4,600 and a m&ximum 
permeability of 57,000. Owing to the experimental nature of the 
work there was as much as 50% of scrap, and this made the cost of 
the material comparatively high. 

Thermal Expansion of Nickel-Iron Alloys (Nickel from 30 to 70°). 
J. M. Lohr and C. H. Hopkins. (American Institute of Mining and 
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Metallurgical Engineers, 1938, Technical Publication No. 987: _ 


Metals Technology, 1938, vol. 5, Dec.). The authors describe an 
investigation from the results of which they construct expansion 
curves for 23 nickel-iron alloys. This investigation is related to 
the search for the most suitable alloy for sealing into various grades 
of glass. 

Stresses and Deformations in Pipe Flanges Subjected to Creep at 
High Temperatures. J. Marin. (Journal of the Franklin Institute, 
1938, vol. 226, Nov., pp. 645-656). The author presents a mathe- 
matical analysis of the stresses and deformations produced in a 
circular ring of rectangular section subjected to twisting couples 
uniformly distributed along its centre line. In the solution of this 
problem a deflection theory is also developed for straight beams 
subjected to bending accompanied by creep. 

Gases in Ferrous Materials. H.Elliss. (Iron and Steel Industry, 
1938, vol. 12, Nov., pp. 168-173). After referring to the work of 
other investigators on the effects of gases in steel upon its mechanical 
properties, the author describes his own tests on samples obtained 
after melting in vacuo, and then in atmospheres of hydrogen, 
nitrogen and carbon monoxide. He explains the losses in carbon 
and manganese in steels subjected to the vacuum-melting treatment, 
and then discusses the mechanical properties, showing that there is a 
marked fall in the yield-point values of vacuum-melted steels. The 
effect of remelting samples in carbon monoxide is to increase the 
oxygen content. He also found that a definite relationship exists 
between the oxygen and the carbon contents, for the higher the 
carbon the lower is the oxygen. 

Inclusions and Gases in Steel. F. F. Franklin. (Heat Treating 
and Forging, 1938, vol. 24, Nov., pp. 543-546, 553). The author 
presents a comprehensive review of the literature on solid and gaseous 
inclusions in steel. A bibliography of 36 references is appended. 

The Possible Means of Diffusion of Gases in Metals and between 
Two Solid Phases. W. Baukloh and B. Knapp. (Metallwirtschaft, 
1938, vol. 17, Dec. 9, pp. 1302-1304). The authors discuss the 
theory of the diffusion of gases in metals and of one metal in another, 
and distinguish between the three diffusion processes, namely, 
diffusion along the grain boundaries, diffusion through the lattice 
and diffusion along the surface. 

The Influence of Some Special Additions on Certain Properties of 
Cast Iron. P. G. Bastien and L. Guillet, jun. (Iron and Steel 
Institute, Carnegie Scholarship Memoirs, 1938, vol. 27, pp. 77-143). 
The object of this research was to define the properties of four 
groups of special cast irons containing the added elements cobalt, 
titanium, boron and cerium, and, in particular, to determine the 
influence of these alloying elements on the graphitisation of these 
cast irons on solidification and during annealing. For each group 
of special cast irons—except the boron cast iron, for which the scope 
of the investigations was more restricted—two sets of melts were 
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made, differing in their contents of total carbon plus silicon. For 
each set of melts, the authors studied, in particular, the influence of 
the percentage of added element on the chilling properties, the 
microstructure, the graphitisation and growth due to annealing, the 
temperature of the Curie point of the cementite, the resistance to 
corrosion in a dilute solution of nitric acid, and the mechanical pro- 
perties. The mechanical properties were mainly concerned with 
hardness, Young’s modulus, and shearing and transverse strength 
tests. 

The conclusions arising out of these experiments and tests are 
given at the ends of each of the four sections dealing with the four 
elements, into which this memoir is divided. 

Of the four alloying elements studied, two, viz., cobalt and 
titamum, are graphitisers; the two others, viz., boron and cerium, 
are, on the other hand, whiteners of the structure, and even very 
small additions of cerium are extremely effective in this respect. 
Cobalt promotes the graphitisation due to annealing by lowering the 
temperature of incipient graphitisation, whereas titanium, at least 
within the percentage limits studied by the authors, has no appreci- 
able effect on this temperature. As regards the two whitening 
elements, boron also opposes graphitisation during annealing, 
whereas cerium, which is found only in traces in the cast irons, does 
not retard the breakdown of the cementite on heating. The influence 
of cobalt, titanium, boron and cerium on the structural appearance 
of the graphite was also studied. 

The Curie point of the cementite, revealed in particular by 
thermomagnetic tests, is raised by additions of cobalt; it does not 
appear to be affected by the presence of titanium, and it is raised 
rapidly by the incorporation of boron. 

Cobalt lowers the mechanical properties of cast iron; titanium 
has a more complex effect, owing to its graphitising action and its 
ability to refine the structure of the graphite. The resultant effect 
depends very largely on the percentage of total carbon and silicon 
in the cast iron. Boron raises the mechanical strength of the grey 
cast irons, while on the other hand it lowers their capacity for 
deformation (deflection). 

Finally, the investigation of the cerium cast irons has shown that 
the remarkable whitening power of this element may be concealed 
under certain conditions of treating the melt involving a slag con- 
taining a high percentage of oxide of iron. 

The Influence of Phosphorus and Arsenic on Dynamo and Trans- 
former Steel. V.S. Mes’kin. (Kachestvennaya Stal, 1938, No. 3, 
pp. 23-30). (In Russian). The influence of phosphorus alone, and 
together with arsenic, on the mechanical and magnetic properties of 
Armco iron, two dynamo steels containing 1% and 2-5% of silicon 
and transformer steel containing 4% of silicon was studied. Addi- 
tions of up to 0-5% of phosphorus were made in one series of alloys, 
and in another the phosphorus was kept constant at 0:3, while the 
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arsenic was varied up to 1%. In addition, a number of alloys con- 
taining varying proportions of silicon, aluminium and arsenic were 
investigated. In the presence of 0-8-1% of silicon a marked dro 
in coercive force was caused by the addition of 0-2-0-25% of phos- 
phorus. At this phosphorus concentration the mechanical properties 
were still quite satisfactory. Phosphorus-bearing dynamo steel is 
more readily worked than the plain silicon steel at temperatures 
above 1000°C., the optimum rolling temperature being 1200° C. 
The magnetic properties of transformer steel and more highly alloyed 
silicon steel are not affected by additions of phosphorus. En- 
couraging mechanical and magnetic properties were also obtained 
with the quaternary iron-silicon-aluminium-arsenic alloy. 

The Production and Industrial Uses of Titanium. G. I. Comstock. 
(Metals and Alloys, 1938, vol. 9, Oct., pp. 286-290; Nov., pp#314- 
318). The author describes the processes of producing titanium, 
and proceeds to a discussion of its action as a deoxidiser in steel 
melting, and its other useful properties, such as refining the grain 
size of cast iron, and reducing the hardening effect of chill at thin 
sections and corners in iron castings. In the concluding part of this 
paper the author considers the effect of titanium in non-ferrous 
alloys and in alloy steels. In producing titanium steels, the 
steel must be completely deoxidised before the titanium is added, 
and the steel should be tapped soon after adding it. Titanium is 
added to steel to change the carbon from an active form into the 
relatively inert titanium carbide; by this means such troubles as 
the intercrystalline corrosion of stainless steels caused by the forma- 
tion of chromium carbide are prevented. A very recent develop- 
ment with respect to titanium in alloy steels is the use of titanium 
cyanonitride as a source of nitrogen for refining the grain and 
improving the properties of high-chromium steels. 

Measuring the Growth and Scale Resistance of Cast Iron. A. H. 
Dierker and H. H. Dawson. (Ohio State University Studies, 
Engineering Experiment Station Bulletin No. 100, 1938). 
The authors describe the methods they adopted to measure 
the growth and the amount of metal oxidised when specimens of 
cast iron of different analyses were heated to about 1700° F. and 
kept at that temperature for varying periods. From the results 
obtained they deduce that increasing the total carbon content 
increases both the growth and the amount of scale. An increase 
in the sulphur content has the same effect, whilst an increase in 
the phosphorus content has no effect. Increasing the manganese 
increases the amount of scale but decreases the growth, and the 
addition of small quantities of chromium markedly decreases the 
growth but only slightly decreases the amount of scale. 

High-Duty Cast Iron. J. Arnott. (Foundry Trade Journal, 
1938, vol. 59, Dec. 15, pp. 447, 450). See p. 116 a. 

Loded Cast Irons. H.J. Young. (Institute of Marine Engineers, 
Dec. 13, 1938: Iron and Coal Trades Review, 1938, vol. 
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137, Dec. 16, p. 1012). The author reviews the cast irons employed 
for the manufacture of cylinder liners, piston rings and other pur- 
poses on internal-combustion and superheated steam engines during 
the past 25 years. He gives a precise and practical definition of 
“ all-pearlitic ” cast iron, and explains the decisive effect of this 
structure upon the service results of otherwise similar cast irons. He 
discusses the types, recent applications and future possibilities of all- 
pearlitic machinable grey irons of high silica content stabilised by, 
or “loaded”’ with, chromium, and concludes by considering the 
relation between wear as induced by force, heat, corrosion and 
oxidation, and the qualities of the ultimate superficial skin 
presented by various cast irons under service conditions. 

Chromium Cast Irons. E. K. Smith. (Metal Progress, 1938, 
vol. 34, Nov., pp. 563-568). The author describes the production of 
chromium cast iron and discusses the wear- and heat-resisting proper- 
ties of the low-chromium irons and the corrosion-resistance of the 
high-chromium irons with examples of their respective applications. 

Corrosion and Heat-Resisting Steels. W.H. Hatfield. (Metal- 
lurgia, 1938, vol. 19, Dec., pp. 59-61). The author discusses the 
advance in the technology of corrosion- and heat-resisting steels 
under four headings: (a) The development of improved or new 
compositions ; (6) the improvements in production as regards forms, 
sizes and quality; (c) the increasing knowledge of the various 
methods of manipulation and fabrication of the steels in all forms 
into plant of every description ; and (d) the ever-widening applica- 
tion of these steels throughout all industries. 

High Nickel Nickel-Chromium-Iron Alloys for Furnace Work. 
J.O. Hitchcock. (Metallurgia, 1938, vol. 19, Dec., pp. 69-71). The 
author discusses how the following important characteristics can be 
obtained in alloys used in the construction of heat-treatment 
furnaces : (a) Resistance to excessive scaling and chemical attack 
when in contact with oxidising and other gases at high temperatures ; 
(b) retention of strength and resistance to creep at elevated tempera- 
tures ; (c) toughness and freedom from brittleness, initially and after 
service at high temperatures; (d) stability of dimensions, parti- 
cularly after repeated heating and cooling ; and (e) availability in all 
engineering forms. 

Twenty Years of Development of Stainless Steels. V. V. Kuz- 
netsov. (Kachestvennaya Stal, 1937, No. 11, pp. 40-45). (In 
Russian). A brief review is given of the history of the development 
of stainless steels. Types of stainless steels used in Russia, their 
compositions, production and applications are dealt with. In con- 
clusion the research work carried out in that country on chromium- 
manganese steels with suitable alloy additions intended as substitutes 
for chromium-nickel stainless steels is described. 

A Further Note on Chromium-Manganese Heat-Resisting Steels. 
A. N. Gazez’yan and B. E. Sheynin. (Kachestvennaya Stal, 1938, 
No. 3, pp. 45-46). (1n Russian). In connection with an article by 
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A. M. Borzdyka on chromium-molybdenum-manganese and chro- 
mium-tungsten-manganese heat-resisting steels (Kachestvennaya 
Stal, 1937, No. 8, pp. 33-36), the authors point out some unsatis- 
factory characteristics of several of the compositions suggested, and 
refer to the properties of a steel which they developed for making 
valves. This had the composition carbon 0-4—-0-5%, silicon 1-5- 
20%, manganese 11-13%, chromium 13-15% and tungsten 2-0- 
2-5%. The increased carbon, manganese and silicon contents 
resulted in a stable single-phase austenitic structure and improved 
the heat resistance. 

Development of Non-Scaling and Heat-Resistant Steels in Russia. 
A. B. Borzdyka. (Kachestvennaya Stal, 1937, No. 11, pp. 46-48), 
(In Russian). A short review of the developments in the production 
of non-scaling and heat-resisting steels as well as of steels for electrical 
resistance-heating elements is presented. A list of compositions 
of medium-alloy, high-chromium, Silchrome, chromium-nickel 
(austenitic) and Nichrome and chromium-aluminium steels pro- 
duced in Russia is given. 

High Nickel Nickel-Chromium-Iron Alloys for Furnace Work. 
(Nickel Bulletin, 1938, vol. 11, Dec., pp. 257-261). The properties 
of nickel-chromium-iron alloys are presented and the application of 
these alloys for the construction of heat-treatment furnaces is 
discussed. 

Statistical Study of the Properties of Chromium-Nickel Case- 
Hardening Steel E.38 (12KhN8A). V.M.Dronin. (Kachestvennaya 
Stal, 1938, No. 2, pp. 42-45). (In Russian). The composition of the 
steel studied was : 0-10-0-17% of carbon, 0-17-0-37% of silicon, 
0-25-0:55% of manganese, 0-60-0-90% of chromium, 2-75-3-25% of 
nickel, 0-03°% max. of sulphur and 0-030% max. of phosphorus. The 
mean chemical analyses and mean mechanical properties of 500 heats 
of this steel were determined, as also were the effects of successive 
increases of 0-1% of each of the elements on the mechanical proper- 
ties. In addition data are presented in tabular and diagrammatic 
form illustrating the connection between the mechanical properties 
and the number of non-metallic inclusions in the steel, between 
the mechanical properties and porosity, and the connection between 
hair lines observed on longitudinal macro-sections and oxide 
inclusions and porosity. 

Steel for Aircraft Engine Valves. M. V. Pridantsev and E. Z. 
Klausting. (Kachestvennaya Stal, 1938, No. 1, pp. 18-24). (In 
Russian). The properties of a steel containing carbon 0-45%, 
chromium 17-36%, nickel 6-5%, silicon 0:4% and manganese 0-4% 
were studied from the point of view of its application for aircraft 
engine valves. This steel belongs to the unstable austenitic type of 
steels, and the investigation included, in addition to a microscopic and 
dilatometric examination, the investigation of the suitability of 
various forging temperatures and heat treatments. This involved 
determining the hardness, impact strength and tensile properties. 
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It was found that the final forging of the steel should be done at 
temperatures between 1050° and 800°C. The heat treatment 
consists of tempering at 800°C. The steel in the correctly heat- 
treated condition will undergo the y—« transformation; the y—« 
transformation begins at 150°C. whilst the «-y change takes 
place between 650° and 720°C. The steel has a Brinell hardness of 
350-400 and a marked resistance to dynamic deformation at 
temperatures up to 900°C. Its expansion coefficient is low—about 
12 x 10-6, as compared with 16 x 10-* for austenitic steels. 

Alloy Steel Valves for Sub-Zero Temperatures. G. F. Scherer. 
(Industrial and Engineering Chemistry, 1938, vol. 30, Nov., pp. 
1220-1222). The author discusses the characteristics of several cast 
and forged alloy steels which have been successfully used in fabri- 
cating valves and pipe fittings for chemical processes where tem- 
peratures down to — 75° F. and pressures up to 300 Ib. per sq. in. 
occur. These include the high nickel-copper and the austenitic 
chromium-nickel-iron alloys. 

Manganese Steel for Boiler Construction. Ya. 8. Gintsburg, 
E. A. Podtsebenko and M.S. Freydel’. (Kachestvennaya Stal, 1938, 
No. 3, pp. 9-14). (In Russian). An investigation was made of the 
mechanical properties at normal and elevated temperatures, the 
tendency to age, the embrittlement and the creep strength of 1-3- 
15% manganese steel. As regards its tendency to age, the steel 
occupies an intermediate position between ordinary carbon steel and 
non-ageing steel, whilst all its other properties render it entirely 
suitable for boiler construction. 

The Influence of the Austenite Grain Size on the Mechanical 
Properties of Medium-Carbon Structural Steel. Ya.S.Gintsburg and 
Ya. B. Shtuchkov. (Kachestvennaya Stal, 1938, No. 2, pp. 23-25). 
(In Russian). Statistical methods were applied to the study of 
122 heats of steel containing carbon 0-30-0-:35%, manganese 
0-5-0-:7%, silicon 0-2-0-3%, sulphur and phosphorus each <0-04%, 
chromium <0-2% and nickel <0-5% with McQuaid-Ehn grain 
size numbers of 1 to5. The specimens were taken from rolled sheets 
and, after normalising and tempering, their tensile properties, impact 
strength and hardness were determined. The results are presented 
in the form of curves showing the relationships between the grain 
size and the above mechanical properties. 

Chromium-Silicon Structural Heat-Treated Steel. V. A. Erakh- 
tin. (Kachestvennaya Stal, 1938, No. 3, pp. 35-37). (In Russian). 
A heat-treatment procedure was developed for the steel which 
contained 0-35-0-45% of carbon, 1-2-1-6% of silicon, <0-40% of 
manganese and 1-3-1-6% of chromium. The mechanical properties 
obtained in the heat-treated material show that it can be regarded 
as a substitute for nickel-bearing structural steel. 

Low-Tungsten High-Speed Steel Substitutes. A. Gorbunov and 
Ya. Dovgalevskiy. (Stal, 1938, No. 5, pp. 55-60). (In Russian). 
The object of the investigation was a further study of the effects of 
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different heat treatments on the mechanical properties of chromium- 
tungsten-vanadium steels suggested by N. A. Minkevick, V. §. 
Vladislavlev and O. S. Ivanov (see Kachestvennaya Stal, 1937, 
No. 5-6, pp. 7-18), as well as to test under service conditions some 
cutting tools made from these steels. The first two heats of steel 
(£1173) contained chromium 9-20% and 10-10%, tungsten 2-58°%, 
and 3-05%, vanadium 0-81% and 0-35%, silicon 0-25% and 0-21%, 
and carbon 1-:10% and 1-16%, respectively, whilst the other steel 
(£1184) contained chromium 8-68%, tungsten 4-08%, vanadium 
1:56%, silicon 0-62% and carbon 0-986%. An analysis of the 
crystalline structure of the steel was made by X-rays to establish 
the phases present (Cr,C, Fe,W,C and Fe,C were detected). The 
effects of heat treatment (different quenching temperatures, stepped 
quenching and single and multi-stage annealing) were studied both 
by magnetic and by electrical measurements, as well as by Rockwell 
hardness and other mechanical tests. The optimum heat-treatment 
schedules were determined. Practical tests on various types of 
cutting tools made from these steels showed that their resistance to 
wear was equal to, and in some cases better than, that of the 18/4/1 
high-speed tool steel used at present. In the case of lathe cutting 
tools it was shown that their life could be considerably prolonged by 
heating for 10-15 min. in a cyanide bath at 550° C. 

Notes on the Care of Hoisting Ropes, with Special Reference to the 
Wear Caused by a Badly Worn Sheave Tread. J. G. Trail. 
(Bulletin of the Institution of Mining and Metallurgy, 1938, Dec.). 
The author quotes the regulations governing the inspection and test- 
ing of hoisting ropes at mines in Ontario and discusses other pre- 
cautions which can be taken. He also shows how to measure the 
wear of sheaves and how to recondition these by grinding, the result 
of which is to increase considerably the life of the wire ropes. 

Powder Metallurgy. F. Fox. (Machinery, 1938, vol. 53, Dec. 15, 
pp. 342-344). After defining powder metallurgy as the use of metal 
powders, with or without bonding agents, to produce articles by the 
application of pressure and heat, the characteristics of materials 
made in this way and the advantages of being able to control their 
purity and porosity are discussed. 

Admiralty Laboratory at Sheffield. (Engineer, 1938, vol. 166, 
Dec. 23, p. 706: Metallurgia, 1938, vol. 19, Dec., pp. 37-38). An 
illustrated description is given of the new Admiralty laboratories at 
Sheffield. These provide the most modern facilities for the inspec- 
tion and testing of metals used in naval armament work. 

British Standard Specification for Cast Iron Surface Plates and 
Tables for Inspection and Marking Purposes, (British Standards 
Institution, No. 817—1938), 
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(Continued from pp. 120 a~124 a) 


The Busch Metaphot Photo-Visual Microscope. (Machinery, 
1938, vol. 53, Dec. 15, pp. 329-330). An instrument is described 
by which either visual microscopicor photomicroscopic examinations 
can be made using various methods of illumination. This instru- 
ment is, in effect, an inverted microscope. A mirror mounted in the 
base reflects the image on to a conveniently placed focusing screen. 
The heavy cast-iron base also forms the housing for the camera, which 
has a fixed extension of 50 cm., and the focusing screen gives twice 
the magnification obtainable with the same optical system when 
used for visual examination. 

The Elektron Microscope. L.C. Martin. (Nature, 1938, vol. 142, 
Dec. 17, pp. 1062-1065). The author discusses the principles of 
thermionic emission and of the electron microscope with special 
reference to the instrument designed by himself in conjunction with 
his colleagues and Metropolitan-Vickers Electrical Co., Ltd., and to 
the Siemens microscope described in Engineering, 1938, vol. 146, 
Oct. 21, pp. 474-475. (See p. 58 A). 

The Limits of Useful Magnification in Microscopy. A. Kohler. 
(Metallwirtschaft, 1938, vol. 17, Dec. 16, pp. 1327-1328). The 
author explains the theories which govern the limits of magnification 
of the microscope and discusses also the principles of the electron 
microscope. 

The Application of X-Ray Processes to Chemical Problems. 
H. Mller. (Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Dec., 
pp. 285-291). The author gives some examples of qualitative and 
quantitative X-ray spectrum analyses and of X-ray investigations 
of the crystalline structure of steels which illustrate the possibilities 
of applying X-rays not only for the solving of special theoretical 
problems but also for routine analyses. 

Applied Metallography in the Steel-Consuming Industries. H. 
Diergarten. (Metallwirtschaft, 1938, vol. 17, Dec. 16, pp. 1328- 
1338). In order to overcome the difficulties arising from the lack 
of standardised descriptions for the grain size and structure of steels, 
the author shows how series of diagrams can be prepared from 
micro- and macro-graphs. These diagrams can be used in the various 
departments of a works as a convenient means of determining such 
characteristics as the number of slag inclusions, the grain size, the 
degree of carbide segregation and the surface condition of the steel 
during the various stages of production. 

The Microscopical Constituents of Steel. A. Sauveur. (Metals 
and Alloys, 1938, vol. 9, Nov., pp. 297-298). The author expresses 
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his opinion on the nomenclature of the microscopical structures of 
steel and gives his definitions of the terms austenite, martensite, 
lamellar troostite, lamellar sorbite, pearlite, granular troostite and 
granular sorbite. He applies the term lamellar to the troostite and 
sorbite obtained by cooling the iron-carbon alloy from above the 
critical point, because under the microscope they exhibit a tendency 
to form a lamellar structure. Granular troostite and sorbite, on the 
other hand, are formed by heating the martensite to temperatures of 
400° C. maximum and 400-—700° C. respectively. (See “‘ Significance 
of the Terms Troostite and Sorbite” and ‘“ Distinctions between 
Pearlite, Troostite and Sorbite,” p. 58 A). 

Transparent Oxide Films on Steel. T. Lonsdale. (Mechanical 
World, 1938, vol. 104, Dec. 9, pp. 559-560). The author explains 
that the temper colours which appear on carbon steel are due 
to the oxide film interfering with the reflection of light from the 
surface. The colour varies with the degree of interference, which 
in turn varies with the thickness of the film. He also explains 
the theory of the protective film on stainless steels. 

The Determination and Meaning of Grain Size. S. A. Bernasov- 
skaya and I. N. Golikov. (Kachestvennaya Stal, 1938, No. 1, pp. 
31-37). (In Russian). Practical tests of various accelerated 
methods of determining grain size as well as considerations of the 
principles involved lead the authors to the conclusion that the 
McQuaid-Ehn cementation method should be regarded as the best 
for routine test purposes. A number of examples of grain-size 
determinations in structural steels are presented and illustrated by 
micrographs. 

Grain Size in High-Speed Tool Steel. A. P.Gulyaev. (Kachest- 
vennaya Stal, 1938, No. 3, pp. 30-35). (In Russian). The method 
developed by the author for the determination of grain size in high- 
speed steel consisted of heating specimens 10 x 10 mm. in cross- 
section for 4 min. at 1300° C. and then cooling rapidly by quenching 
in oil. The austenite grain size caused by this quenching was 
determined at a magnification of 250 and expressed in terms of the 
American Society for Testing Materials scale. Strictly similar 
heating conditions, sizes of specimen, &c., are required if reproducible 
results are to be obtained. The results obtained by using this 
method for the study of some hundred heats of several types of high- 
speed steel are discussed, and a number of the structures are shown 
in micrographs. The importance of grain size in this type of steel 
is emphasised. 

Choice of Grain Size of Steels for Machine Tool Construction. 
N. F. Bolokhivitinov. (Kachestvennaya Stal, 1938, No. 3, pp. 
47-49). (In Russian). After discussing the effect of the actual 
and inherent grain size on the properties of steel and on its behaviour 
during working and machining, the author goes on to consider the 
optimum grain size for steels used in the manufacture of various 
machine tool parts. 
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The Nature of Inclusions in Cast Iron. F. W. Scott and T. L. 
Joseph. (Metals and Alloys, 1938, vol. 9, Nov., pp. 299-302). This 
article forms the second of a series concerning oxide and non-metallic 
inclusions in grey iron and their relation to graphitisation. (See 
“Tnelusions in High-Carbon Iron—Extraction of Oxide—Electro- 
lytic Iodine Method,” Journ. I. and 8.I., 1938, No. II., p.410.4). In 
this paper the authors describe their investigations of the oxide in- 
clusions in grey iron, in the course of which the following conclusions 
were arrived at : (1) The oxide residue is principally silica and ferrous 
oxide; (2) the percentage of ferrous oxide is controlled by the 
silicon/ferrous-oxide equilibrium ; (3) the ferrous oxide is so close 
to the equilibrium value that most of it is present as such in solution, 
and very little is present as silicate ; (4) the conclusion noted in (3) 
is supported by the examination of the residue under the microscope 
and by the crystalline appearance of the oxides seen in the iron ; 
(5) no evidence was found by microscopic examination to support the 
theory that graphitisation was dependent upon the presence of non- 
metallic nuclei. Some inclusions appeared to be associated with the 
graphite. No nodular graphite was seen and no irregularities were 
observed ; (6) the presence of so many crystalline shapes suggested 
that there were different oxides present; and (7) in no case was a 
high oxygen content found; the total oxygen, calculated from the 
oxides found by analysis, ranged from 0-0027 to 0-0059%. 

On the Amorphous State of Metals. A. Schulze. (Metallwirt- 
schaft, 1938, vol. 17, Nov. 25, pp. 1243-1248). The author reviews 
the present state of the knowledge of metals in the amorphous state, 
and the methods of producing amorphous modifications of metals. 
He also discusses the physical properties of metals in this modified 
form and explains the mechanism of the transformation from the 
amorphous to the crystalline state. 

The Mechanism of the Reaction between Hydrogen and Carbon in 
Iron. A Contribution on the Mechanism of Heterogeneous Reactions. 
W. Baukloh and B. Knapp. (Iron and Steel Institute, Carnegie 
Scholarship Memoirs, 1938, vol. 27, pp. 149-164). An investigation 
was made of the theoretical principles underlying the reaction 
between hydrogen and carbon in iron, with the following results : 

In accordance with the equation Fe,C + 2H, = 3Fe + CH,, 
whatever the temperature and the carbon content, the hydrogen first 
of all dissolves out the carbon which is present in the surface of the 
iron as cementite or in y solid solution. The iron produced as the 
result of this reaction interferes with the further access of the hydro- 
gen to the carbon and thus compels it to diffuse. As long as this 
diffusion is taking place more slowly than the reaction itself, it 
governs the speed of the reaction, which thus becomes dependent on 
the temperature, carbon content and hydrogen pressure, the three 
factors governing the process of diffusion. Above the line GOSK a 
fourth factor also operates, namely, the methane equilibrium in 
accordance with the above equation. 
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From about 850° C. upwards the rate of the diffusion of carbon is 
greater than that of the reaction between the hydrogen and the 
carbon ; hence the slower process is the reaction itself and this takes 
place in accordance with the conditions of equilibrium. 

The scope of the theoretical investigation was made to cover the 
question of the formation of sharply defined boundary zones free from 
carbon. These are of three kinds distinguished by their chemical 
composition as follows : 


(1) Pure ferritic boundary layers existing below the GOSK 
line. 

(2) Transition boundary layers in which the carbon content 
diminishes outwards. These exist between the GOSK line and 
approximately 850° C. 

(3) Hypereutectoid boundary layers with a carbon content 
corresponding to the line HS. These exist above 850° C. within 
the two-phase region austenite plus cementite. 


To elucidate this phenomenon reference is made to the equilibrium 
conditions of the system Fe-C-H and, in case (3), to the high rate of 
diffusion of carbon in iron. In order to represent in practice the 
unavoidable loss of methane from the reaction zone, a sort of ‘‘ whirl- 
ing action ” is assumed. 

The experiments described in the second part of the paper were 
made with a view to determining the total loss of carbon suffered by 
turnings exposed to a current of hydrogen and to studying the forma- 
tion of boundary layers on cubes placed in a stream of hydrogen 
under increased pressures. These showed good agreement with the 
theoretical results. 

Equilibrium at High Temperatures in Systems Containing Iron 
Oxides. J. White. (Iron and Steel Institute, Carnegie Scholarship 
Memoirs, 1938, vol. 27, pp. 1-75). Methods are described by which 
the dissociation at high temperatures of ferric oxide into oxygen 
and lower oxides of iron has been studied. This has been done with 
ferric oxide alone, in the solid and liquid states, up to approximately 
1650° C. under oxygen pressures ranging from 2 cm. to 76 cm. of 
mercury, and it was found that the dissociation increases with rise 
of temperature and decreases with rise of oxygen pressure. The 
existence of partial mutual solid solubility between Fe,0, and 
Fe,0, at high temperatures was substantiated. Melting of the 
Fe,0,-rich solid solution is accompanied by a pick-up of oxygen from 
the atmosphere, and the results indicate that a eutectic is formed 
between Fe,0, and Fe,0,. A systematic study has also been made 
of the dissociation in ferric-oxide melts containing lime and silica, 
separately and together. It was found in all cases that a lime addi- 
tion decreases the dissociation, whilst a silica addition increases it, 
and experimental curves are reproduced showing the effects over @ 
considerable range of lime and silica concentrations. 
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An attempt has been made to explain the experimental observa- 
tions in terms of the law of mass action, and values have been 
derived for the equilibrium constants of the reactions involved. 

As recorded in an Addendum, the general applicability of the 
constants thus derived has been tested by examination of estab- 
lished data on slag-metal equilibria. The results indicate that the 
observed relationships can be largely accounted for on the basis of 
the ideal law of mass action. Other influences, such as variable 
activity coefficients of the reactants, are probably of secondary 
importance only. 

Effect of Carbon on the Critical Cooling Rate of High-Purity Iron- 
Carbon Alloys and Plain Carbon Steels. T. G. Digges. (Iron and 
Steel Industry, 1938, vol. 12, Oct., pp. 33-36; Nov., pp. 193-196 ; 
Dec., pp. 231-232). See Journ. I. and 8.1., 1938, No. II., p. 178 a. 

The Structure of Cast Steel in Relation to the Rate of Cooling. 
J.A.Veré. (Iron and Steel Institute, Carnegie Scholarship Memoirs, 
1938, vol. 27, pp. 165-192). The structure and some mechanical 
properties of common acid steel castings, with carbon contents 
ranging from 0-12 to 0-58% and of cross-sections varying from 
10 x 150 mm. to 150 x 150 mm., were studied both in the cast and 
in the reheated state. 

The character of the primary structure depends chiefly on the 
melting temperature, by which the distribution of these particles, 
which may act as nuclei on solidification, is probably affected. - The 
size of the primary crystals varies with the rate of cooling, and the 
depth of the columnar zone with the casting temperature. The 
distribution of the non-metallic inclusions differs with the com- 
position, 7.e., with the melting point of the steel, and with the wall 
thickness, but not with the character of the primary structure. 

It is experimentally shown that carbon is forced to migrate 
towards the centre of the austenite crystals by the enrichment of 
phosphorus. The dendritic and the much smaller globular crystals 
of the same wall thickness have a remarkable similarity in regard to 
secondary crystallisation. On reheating, to prevent the cast steel 
from inheriting the original structure, the austenite must first be 
homogenised by suitable heating; after homogenisation, traces of 
the original structure may appear if the steel is heated at a low 
temperature and cooled slowly, particularly in soft steels. 

The mechanical properties are variable; the character of the 
primary structure, whether globular or dendritic, does not exert any 
appreciable effect, while the known effect of the size of the primary 
crystals, i.e., that of the wall thickness, appears very clearly. 
Homogenisation on reheating was found to be of advantage. The 
properties of hard steels are influenced by the manner of heat 
treatment to a greater extent than those of soft ones, which are 
almost unaffected by the mode of heat treatment, with the exception 
of the temperature of heating, which was not considered in the 
present research. 
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The Transformation of Supercooled Austenite in Chromium- 
Nickel Steel (E10) and the Effect upon It of the Original Structure 
and of the Initial Heating Temperature. I. P. Lipilin and T. A. 
Dudovtsev. (Kachestvennaya Stal, 1937, No. 11, pp. 14-19). 
(In Russian). The steel used contained 0-32% of carbon, 0-40% of 
silicon, 0-40% of manganese, 0-02°% of sulphur, 0-016% of phos- 
phorus, 1-48% of chromium and 3-25% of nickel. The investigation 
of the transformation of the austenite in this steel was studied using 
both wrought and cast specimens. For high temperature trans- 
formation the specimens were quenched after tempering and their 
hardness and micro-structure were determined, and the rate of 
transformation at temperatures from 150° to 500° C. was studied 
directly by hardness measurements at the tempering temperature. 
The authors describe the best heat treatment for this steel. 

The Influence of Some Factors on the Transformation of the 
Austenite in High-Speed Steel R and Steel ZKhV8. I. P. Lipilin and 
A. Usov. (Kachestvennaya Stal, 1938, No. 2, pp. 14-18). (In 
Russian). Steel R contained carbon 0-70%, chromium 4-34%, 
tungsten 18-5% and vanadium 0-:50%, whilst the composition of 
steel ZKhV8 was carbon 0-35%, chromium 2:55%, tungsten 7-70% 
and vanadium 0-:37%. Both steels were studied in the as-cast, 
rough-forged and fine-rolled conditions. The progress of the 
austenite transformation was studied by Rockwell-C hardness 
measurements (given in graphical form) and, in a number of cases, 
by microscopic examination. The effects of the original structure, 
the temperature of the first heat treatment, the rate of cooling from 
this temperature to the isothermal-transformation temperature and 
of plastic deformation at temperatures above the Ac, point on the 
decomposition of the supercooled austenite were studied. It was 
found that the supercooled austenite decomposed more rapidly in 
the forged and the rolled than in the as-cast specimens, owing to the 
greater number of carbide fragments present. Raising the tem- 
perature to which the steel was originally heated considerably 
increased the stability of the supercooled austenite owing to dis- 
solution of the carbides and also because of the growth of the 
austenite grains. Precipitation of carbides during slow cooling from 
the above temperature lowered the stability of the austenite. 
Plastic deformation also lowered the stability owing to the breaking- 
up of the austenite grains and the precipitation of carbide particles 
which took place during the deformation. 

The Iron/Nickel/Nickel-Titanide (Ni,Ti)/Iron-Titanide (Fe,Ti) Sys- 
tem. R. Vogel and H. J. Wallbaum. (Archiv fiir das Eisen- 
hiittenwesen, 1938, vol. 12, Dec., pp. 299-304). By means of 
thermal and microscopic investigations the authors construct the 
iron-nickel-titanium constitutional diagram up to the pseudo-binary 
nickel-titanide/iron-titanide (Fe,Ti/Ni,Ti) plane with up to 30% 
titanium. A number of sections of the three-dimensional diagram 
and some micrographs of the structures are reproduced. 
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CORROSION OF IRON AND STEEL 





(Continued from pp. 125 a-127 a) 


The Corrosion of Metals. O.P. Watts. (Bulletin of the Univer- 
sity of Wisconsin, 1938, Engineering Experiment Station Series 
No. 83). The author derives the following four types of corrosion 
from Faraday’s law as applied to corrosion : (1) Corrosion by reduc- 
tion in valence of some metal already in solution, without displace- 
ment of any cations from the electrolyte—e.g., the corrosion of copper 
and iron in a solution of ferric chloride ; (2) corrosion by the displace- 
ment of a metal—e.g., the corrosion of iron by a copper sulphate 
solution ; (3) corrosion by the visible displacement of hydrogen— 
e.g., the corrosion of zine or iron in dilute sulphuric acid; and 
(4) corrosion by oxygen depolarisation—e.g., copper in dilute sul- 
phuric acid. He discusses these four types at length, quoting the 
results of some of his own experiments. 

Thermodynamics and Corrosion. M. Pourbaix. (Métaux et 
Corrosion, 1938, vol. 13, Nov., pp. 189-193). The author studies 
corrosion by means of graphs in which the abscissa represent the 
pH. value of the attacking solution and the ordinates the potential 
of an electrode immersed in the solution and in thermodynamic 
equilibrium with an oxidising and a reducing agent. Applying these 
graphs, he shows that when a homogeneous surface of iron is attacked 
by an acid with the liberation of hydrogen, the potential created has a 
value falling between two limits. One limit is the potential corre- 
sponding to the oxidation equilibrium, and the other is that corre- 
sponding to the reduction equilibrium. 

On the Corrosion of Metallic Materials. H. Staiger. (Schweizer 
Archiv fiir angewandte Wissenschaft und Technik, 1938, vol. 4, Oct., 
pp. 266-281). The author commences his paper by reviewing 
boundary-layer systems in the following phases, gas/gas, liquid/ 
liquid, liquid/gas, solid/solid, solid/gas, and solid/liquid, and dis- 
cusses in detail those phases applicable to metals and the kinds of 
corrosion which they cause. He considers the process of corrosion 
in the four stages : (1) The diffusion of the attacking medium on the 
metallic surface ; (2) the adsorption of the attacking medium by the 
metallic surface ; (3) its diffusion into the metal ; and (4) the chemical 
and electro-chemical reactions. He presents graphs showing the 
effects of variations of temperature and pressure on the corrosion of 
carbon- and alloy-steels by hydrogen, sulphuretted hydrogen and 
sulphur dioxide. Examples of all kinds of corrosion of both ferrous 
and non-ferrous metals are illustrated and explained and the author 
concludes with an explanation of the corrosion caused by bacteria. 
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Factors Influencing Corrosion Tests. A. Portevin. (Stahl und 
Eisen, 1938, vol. 58, Dec. 15, pp. 1421-1429). After classifying the 
many kinds of corrosion tests, the author proceeds to a discussion of 
the methods of obtaining experimental results which will be re- 
producible in practice and considers the numerous factors which 
affect the results. These include the characteristics of the surface 
on which the test is to be made, the method of cutting out the 
specimens, the effects of scale, passivification and segregation, the 
testing procedure, the calibration of the apparatus, and the cleaning 
of the specimens after testing. In conclusion he explains why it is 
impossible to reproduce in the laboratory all the factors which cause 
the normal corrosion of the material of which plant and machinery 
are made. 

A Study of the Influence of Carbon on the Corrosion of Steel. 
W. S. Patterson. (Journal of the Society of Chemical Industry, 
1938, vol. 57, Dec., pp. 442-444). The initial stages of the corrosion 
of a series of carbon steels in oxygenated potassium sulphate with 
and without the addition of mannitol are studied. In both cases 
during the period of the tests the corrosion is independent of the 
oxygen supply. When mannitol is added no rust is deposited. The 
results substantiate the view that in this type of corrosion the carbon 
content of the steel does not affect the corrosion. The corrosion of 
similar steels in a saturated atmosphere where dew-point conditions 
are established shows that the carbon content has a definite effect on 
the process. The low-carbon steels containing free ferrite are 
corroded to the greatest extent. It is possible that this is due to 
the greater inertness of the carbide areas towards the corrosive 
conditions. An alternative explanation is based on the assumption 
that moisture may be more readily deposited on the ferrite than 
on the carbide areas. 

Phosphorus-Bearing Steels. M. Braun and A. Karelina. (Stal, 
1938, No. 6, pp. 43-48). (In Russian). The authors review some 
of the previous work on phosphorus-bearing steels and point out the 
paucity of data concerning their corrosion-resistance (Jones’ work 
excepted). In their own investigation the authors used four steels 
containing up to 0:196% of phosphorus. Two of the steels also 
contained small additions of copper, whilst 0-021-0-040% of alu- 
minium was present in three of the steels. The carbon content was 
between 0-09% and 0:16%. The steels, which had been prepared 
in a 30-kg. H.F. furnace, were tested in the as-rolled condition and 
also after normalising and after annealing. The best mechanical 
properties in all conditions were shown by the steel containing carbon 
0-15%, manganese 0-54%, silicon 0-27%, copper 0-89%, phosphorus 
0-196%, sulphur 0-022% and aluminium 0:040%. The remainder 
of the investigation was devoted to a study of their corrosion 
resistance (loss-in-weight determinations) in tap water, tap water 
covered by a layer of paraffin oil, N/10 potassium chloride and a 
solution of NH,Cl + HCl. The results obtained, which were in 
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agreement with those of previous investigators, confirm that the 
corrosion-resistance of the phosphorus-bearing steels is comparatively 
low, steels with additions of copper having the greatest resistance. 

The Influence of Electrolytes on the Atmospheric Corrosion of 
Zinc, Aluminium and Iron. W. S. Patterson and J. H. Wilkinson. 
(Journal of the Society of Chemical Industry, 1938, vol. 57, Dec., 
pp. 445-446). The authors examined the influence of sodium chlor- 
ide and ammonium chloride present as a coating on the surface of 
zinc, aluminium and iron. They found that ammonium chloride 
exerts an accelerating influence on the atmospheric corrosion of iron 
and aluminium when compared with sodium chloride, at 80% 
relative humidity, probably because of the pH value of a saturated 
solution of the salt. Iron corroded with sodium chloride corrodes 
steadily until the surface is rust-coated, when the corrosion is 
retarded, the amount of corrosion in the early stages being much less 
than in the corresponding period with ammonium chloride. 

The Corrosion of Iron and Steel in Water and Aqueous Solutions. 
J. Biert. (Schweizer Archiv fiir angewandte Wissenschaft und 
Technik, 1938, vol. 4, Oct., pp. 282-287). After considering the 
theory of the corrosion of iron and steel by water, the author discusses 
the action of distilled water, and of water containing such impurities 
as are usually found in boiler feeds, on iron and steel. 

Corrosion of Heat-Resistant Steels in Furnace Gases Containing 
an Increased Amount of Sulphur. F. F. Khimushin, G. I. Zharov 
and P. A. Arlievskiy. (Kachestvennaya Stal, 1938, No. 3, pp. 
14-23). (In Russian). A study was made of the effect of furnace 
gases with and without additions of 0-5-3-0% of sulphur dioxide 
on the corrosion resistance at elevated temperatures of chromium- 
nickel, chromium and chromium-manganese heat-resisting steels. 
The apparatus used is described. The properties of the steels were 
evaluated by determining the rate of change in weight of specimens 
carrying scale, the rate of change of weight of specimens after the 
removal of the scale, and the condition and nature of the scale and by 
metallographic analysis. Experiments were continued for periods of 
up to 300 hr. and at temperatures up to 1100°C. The best corrosion- 
resistance to furnace gases containing 3% of sulphur dioxide, as 
well as to fuel gases free from sulphur dioxide, was shown by the 
2-7% silicon steel containing 24-7% of chromium and 19-8% of 
nickel, while the second best was shown by a steel containing 23% 
of chromium, 11-6% of nickel, 1-96% of silicon and 1% of man- 
ganese. Both these steels show satisfactory corrosion resistance to 
gases containing sulphur dioxide at temperatures up to 900° C. and 
to furnace gases free from sulphur dioxide up to 1000°C. Limits 
regarding temperature and sulphur dioxide concentration are given 
for the other steels investigated. 

Defects in Steel. J. A. Duma. (Heat Treating and Forging, 
1938, vol. 24, Oct., pp. 504-506). A continuation of a previous 
article. (See p. 43 A). Continuing his discussion on corrosion, the 
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author in Part VIII. describes the five following corrosion tests : 
(1) The salt spray test ; (2) the Strauss copper sulphate test ; (3) the 
Dupont and Huey test; (4) the ferric chloride pitting test; and 
(5) the test using an aqueous solution of agar to which is added 
potassium ferricyanide with phenolphthalein as an indicator. 

The Effect of Alloy Additions on the Resistance of Steel to Hydro- 
gen Attack under High Pressure. F. K. Naumann. (Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, Dec., pp. 223-243). 
This is an article which appeared in Stahl und Eisen, 1938, vol. 58, 
Nov. 3, pp. 1239-1249. (See p. 126 4). 

Effect of Hydrogen under High Pressure on Unalloyed Steel. 
F. K. Naumann. (Technische Mitteilungen Krupp, Forschungs- 
berichte, 1938, Dec., pp. 207-223). This paper appeared in Stahl 
und Eisen, 1937, vol. 57, Aug. 12, pp. 889-898. (See Journ. I. and 
8.I., 1937, No. IT., p. 244 a). 

Methods of Investigation of Surface Treatment for Corrosion 
Protection of Steel. R. E. Pollard and W. C. Porter. (National 
Bureau of Standards, Building Materials and Structures, 1938, 
Report BMS 8). The authors present a report on the protective 
value of paints for steel and galvanised surfaces in which they briefly 
describe accelerated laboratory corrosion tests which are supple- 
mented by outdoor exposure tests. They discuss the significance 
and limitations of these tests as compared with actual service con- 
ditions. They pay special attention to the corrosion which may 
occur from condensed moisture such as might occur in the enclosed 
areas between walls. The investigation, which is still in progress, 
is intended to provide information respecting the protection of steel 
to be used in low-cost housing schemes. 

On the Prevention of the Acid-Corrosion of Metals by Means of 
Organic Substances. W. Machu. (Angewandte Chemie, 1938, vol. 
51, Dec. 3, pp. 853-857). The author explains the mechanism of the 
protective effect which organic solutions have upon steel subjected 
to attack by acids. A protective layer is formed on the metal by a 
process of adsorption and this layer greatly reduces the rate of 
diffusion of the ions necessary to dissolve the metal ; further ions are 
thus prevented from reaching the surface of the metal and the 
corrosion is retarded. The protective effect is therefore neither 
of a chemical nor an electrochemical nature but is due solely to the 
fact that the adsorption capacity of metallic iron is much greater 
than that of iron oxide. 
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BOOK NOTICES 





(Continued from p. 130 a) 


Krause, Huco. “ Metal Coloring and Finishing.” Latest Prac- 
tical Methods for Colouring and Finishing Metals of all Kinds. 
(Authorised Translation from Second Revised Edition). 8vo. 
pp. xii + 222. London, 1938: E. and F. N. Spon, Ltd. 
(Price 21s.) 


This comparatively short work deals with a vast number of pro- 
cesses for the colouring of metals by chemical, mechanical and electro- 
lytic methods, and it should prove of great value to those engaged in 
the practice of metal colouring either from a protective or decorative 
point of view. The author has clearly devoted a considerable amount 
of time to collecting all the methods described. Many of these will be 
quite unfamiliar to those outside the divisions of industry concerned. 
and even those engaged in colouring will find numerous recipes that are 
new tothem. As, however, the borderline between colouring processes 
and protective processes is not very well marked, numerous well-known 
operations which are generally regarded as protective are described. 
After an introductory chapter which deals with various general aspects, 
and a second chapter on the preparation of metals for colouring and 
treatment after colouring, the book is divided into three chapters, which 
are devoted respectively to electro-chemical, chemical and mechanical 
colouring processes. The chapter on chemical colouring occupies about 
two-thirds of the book, and is sub-divided into a number of sections 
dealing with iron and steel, copper, zinc, tin, lead, nickel, aluminium, 
magnesium and their alloys, and the precious metals gold, silver and 
platinum and their alloys. In order to avoid errors the translation has 
followed the style of the original German text. This does not make 
the book easy to read, but, being essentially a collection of recipes, it is 
intended for reference rather than for reading. J. M. Ropertson. 


Marsu,J.S. “ The Alloys of Iron and Nickel.” Vol.1. ‘ Special 
Purpose Alloys.” (Alloys of Iron Research, Monograph 
Series). 8vo. pp. xii+ 593. Illustrated. London, 1938: 
McGraw-Hill Publishing Co., Ltd. (Price 36s.) 


This is the tenth of the series of monographs on iron alloys, and the 
first of two devoted to those of iron and nickel. In the previous volumes 
carbon, copper, tungsten, silicon, molybdenum and chromium alloys 
have been dealt with, and the series will eventually be completed (unless 
some additions are found to be necessary) by the publication of single 
volumes on vanadium, manganese and cast iron, and second volumes on 
chromium and nickel. In the preparation of the present, as in that of 
previous monographs, every effort has been made to survey the whole 
literature, select the most important information, amplify it with 
unpublished knowledge and check the accuracy of the result. For this 
last purpose the author had the assistance of a number of experts who 
read and criticised the manuscript when it was approaching its final 
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form, and besides this the chapters on mechanical properties were 
written by F. T. Sisco, and those on magnetic properties were prepared 
in close co-operation with members of the staff of the Bell Telephone 
Laboratories. As nickel is alloyed with iron for a great variety of 
purposes, the literature on the alloys is vast, and it has thus been found 
necessary to devote two volumes to them. The second volume will be 
concerned with the more familiar and widely used alloys—namely, the 
nickel steels and cast irons—whilst the present monograph deals with 
the fundamental aspects of the subject and the special-purpose alloys. 
The first chapter is introductory, and deals briefly with the history of 
nickel and iron-nickel alloys, meteorites, and the melting, casting and 
mechanical working of the alloys. Following this there are three 
chapters devoted to the constitution of iron-nickel, iron-nickel-carbon 
and complex iron-nickel alloys respectively. J. M. RoBErtson. 











( 
Vere 
1507 
met! 
in tl 

7 
Leg 
791- 
Czec 
the ; 
teen 
pig i 


33-3 
prod 
the | 
1936 
raise 
ore O 
only 
whet 
scale 
that 
and 
smal! 
ore ( 
prod: 
of ch 
zones 
reser 
burni 
Ir 
the G 
auth« 
iron-( 
hsien 
Ir 
tin of 
A bri 
depos 
Cantc 


wwe 9 wea Ee 


er! ee me Se 





( 1994 ) 


MINERAL RESOURCES 





(Continued from pp. 75 a—76 4) 


Coal and Ore in the Sudetenland. E. Heugel. (Zeitschrift des 
Vereines deutscher Ingenieure, 1938, vol. 82, Dec. 31, pp. 1503- 
1507). The author presents an account of the occurrence and 
methods used to mine brown coal, bituminous coal, ores and graphite 
in the Sudetenland. 

The Mineral and Industrial Assets of Czechoslovakia. M. 
Legraye. (Revue Universelle des Mines, 1938, vol. 14, Nov., pp. 
791-794). The author describes the occurrence of minerals in 
Czechoslovakia with the aid of maps, and gives some particulars of 
the industrial activities. He states that in 1936 there were seven- 
teen blast-furnaces working, and these produced 1,140,000 tons of 
pigiron. The production of steel in the same year was 1,559,000 tons. 

Iron Ore in the Urals. (Metallurgia, 1938, vol. 19, Nov., pp. 
33-34). Some details are given of the development of iron-ore 
production in the Urals from 1885 onwards. In 1910 the reserves in 
the Urals were thought to be no more than 282 million tons, but in 
1936 they were estimated at 1625 million tons and the quantity 
raised was 7-3 million tons. There are about 190 deposits of iron 
ore of various size, and its extraction on a large scale can be organised 
only in the bigger deposits. There is at present a controversy as to 
whether to smelt the ores from the numerous deposits in a few large- 
scale plants or in several smaller ones. The most-favoured plan is 
that of developing plants for the large-scale production of pig iron 
and mild steel, at the same time organising comparatively 
small plants for the utilisation of the numerous deposits of iron 
ore containing valuable admixtures; these smaller works would 
produce special steels. It is also proposed to develop the production 
of charcoal pig iron, for many of the deposits are situated in forest 
zones. This could be carried out, without exhausting the forest 
reserves, by a rational organisation and distribution of charcoal- 
burning operations. 

Iron Deposit of Tayeh District, Hupei. C.C.Sun. (Bulletin of 
the Geological Survey of China, 1938, Apr., No. 31, pp. 1-5). The 
author describes briefly the origin, extent and composition of an 
iron-ore bed on the slopes of a hill called Paichihshan near Tayeh- 
hsien in China. The analyses show an average of 62%, of iron. 

Iron Deposit of Linghsiang, O-Cheng, Hupei. C.C.Sun. (Bulle- 
tin of the Geological Survey of China, 1938, Apr., No. 31, pp. 7-9). 
A brief description is given of the origin and extent of the iron-ore 
deposits at Linghsiang, about 25 miles east of Hoshengchiao, on the 
Canton—Hankow railway. The iron content averages 62%. 
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(Continued from p. 77 a) 


Recent Improvements in Mining Practice on the Mesabi Range. 
A. E. Anderson, J. M. Riddell and G. J. Holt. (American Institute 
of Mining and Metallurgical Engineers, Technical Publication 
No. 968: Mining Technology, 1938, vol. 2, Nov.). The authors 
describe recent improvements in stripping plant and transport 
equipment used at the open-face workings of the Mesabi Range ; 
the use of drag scrapers and conveyor belts where gradients have 
become too steep for locomotives is a feature worthy of note. 

Report of a Tour of the Coal and Ore Mines of the United States, 
with Particular Reference to the Preparation of Raw Materials. 
H. Schmitz. (Gliickauf, 1938, vol. 74, Nov. 26, pp. 997-1008; 
Dec. 3, pp. 1027-1032 ; Dec. 10, pp. 1045-1056). In Part I. of this 
paper the author presents a geographical survey of the coal and 
anthracite production and reserves in the United States, and 
describes some of the dry and wet methods of coal cleaning. In 
Part IT. he deals with the economic aspect and the marketing organ- 
isation, methods of coal distillation, coal briquetting and coke 
production. Part III. is devoted mainly to a discussion of the 
reserves, production, preparation and distribution of iron ore. The 
total reserves he estimates to be 10 milliard tons, which, with an 
annual production of about 60 million tons, is expected to supply the 
industry for another 160 years. 

Recent Results from the Magnetising Roasting of Brown Iron 
Ores. W. Luyken and G. Kremer. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 21, pp. 
293-302). Commencing with a description of a test plant consisting 
of two electrically-heated rotary kilns, one 4-7 m. long and the other 
3-6 m. long, placed one above the other, the authors proceed to an 
account of their investigation of the possibilities of concentrating 
some of the low-grade red and brown German iron ores by 
roasting them and then applying magnetic separation. The results, 
which are given in tabular form, were satisfactory, for it was found 
that a concentrate containing 49-6% of iron could be produced from 
an Upper Silician iron sandstone containing only 17% of iron. 
The authors conclude by discussing the percentage reduction in 
arsenic which is obtained by this process. 

Results of Sintering Manganese Tailings. K. Suprun. (Stal, 
1938, No. 6, pp. 5-7). (In Russian). Experiments on the agglomera- 
tion of manganese tailings by sintering are described, the object 
being to examine the possibility of utilising the material as a 
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substitute for manganese ore in blast-furnaces. The actual work 
was carried out using a residue obtained in the working up of a 
vanadium ore, which had, however, the same composition as the 
manganese-ore tailings. In view of the high silica content (30-35%) 
of the residue, lime was added to the mixture treated in the agglomer- 
ating machines, in order to avoid the necessity of having to add more 
limestone to the blast-furnace charge. A number of mixtures were 
sintered, and the author discusses the composition and mechanical 
strength of the sintered products, and considers their suitability as 
substitutes for manganese ore. He points out that their use would 
facilitate the reduction of manganese in the blast-furnace. 

The Effect of the Chemically Combined Water on the Fuel Con- 
sumption when Sintering Iron Ores. W. Luyken and G. Kremer. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1938, vol. 20, No. 21, pp. 303-306). The authors describe an investi- 
gation carried out with a small sintering plant to determine whether 
it was more economical to sinter a concentrate magnetically 
separated from a dried ore, or a roasted concentrate. The results 
showed that the sinter from a brown-ore concentrate was less stable 
than that from a roasted concentrate. Furthermore, considerably 
less coke was required for the latter, and the proportion of un- 
sintered material in it was also less. 
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REFRACTORY MATERIALS 





(Continued from pp. 136 A-137 4) 


Refractory Materials. J. H. Partridge. (Cantor Lectures: 
Journal of the Royal Society of Arts, 1939, vol. 87, Jan. 13, 
pp. 227-244; Jan. 20, pp. 255-276; Jan. 27, pp. 283-294). In the 
first lecture the author defines refractory materials, and for purposes 
of study classifies them into three groups : Those made from more 
or less plastic silico-aluminous products of clay, those made from 
non-plastic materials such as sillimanite, mullite and bauxite, to 
which a plastic bond is added, and those made from non-plastic 
materials without the addition of permanent bonding agents. He 
considers the composition and atomic structure of several fireclays, re- 
produces and explains the equilibrium diagram for the silica-alumina 
system and discusses the structure of a fired refractory material. 

In the second lecture the author describes the advances made in 
the testing of refractory materials, and shows how the results are 
related to their structure. The first test described is the well- 
known Seger cone test. The second, which gives much more useful 
data, is the refractoriness-under-load test, in which a block 3} in. x 
2 in. x 2 in. is subjected to known stresses while the temperature is 
raised 50° C.every 5 min. He explains why silica bricks retain their 
strength to very high temperatures and then fail suddenly, by 
reference to the phase-equilibrium diagram of the silica-lime binary 
system. Next he considers the causes of spalling, and describes a 
test, developed at the Mellon Institute, to determine the ability of 
bricks to withstand sudden fluctuations in temperature. The corro- 
sion and erosion of refractories by molten slags and glasses and the 
refractories used for glass-melting are the next subjects dealt with. 
He concludes this lecture with some possible explanations of the 
failure of chrome-magnesite bricks in the ports of open-hearth 
furnaces, although the melting point of the forsterite bond in these 
bricks is 1890° C. The cause of this may be the presence of a glassy 
matrix of lower melting point than forsterite, or the presence of 
impurities in the matrix as well as in the crystals. 

The author devotes the third lecture to a description of three 
processes of manufacturing refractory bricks. These are (1) 
moulding under pressure using either a minimum of bonding 
material, or even temporary bonding agents which are removed 
during the firing treatment; (2) casting from fluid slips—.e., 
mixtures of clay, non-plastic particles and water, fluid enough to 
be poured, even though they may contain no more water than a 
plastic paste ; and (3) casting the molten refractory material to the 
finished shape. 
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(Continued from pp. 138 A—141 4) 


The Influence of Inorganic Compounds on the Combustion of 
Coal. H. E. Newall. (Fuel in Science and Practice, 1939, vol. 18, 
Jan., pp. 13-20) In Part III. of this series (see p. 5 A) the author 
reports on his investigation of the effect of moisture in coal and of 
water of hydration of various inorganic salts added to coal on the 
propagation of a zone of combustion. He found that drying the coal 
until the moisture content was below that obtained by drying in air 
had no effect, but with more moisture present than that remaining 
after drying in air the rate of propagation of combustion was 
decreased. 

Heat Conservation. J. G. Coutant. (Iron Age, 1938, vol. 142, 
Dec. 22, pp. 18-24). The author describes some of the steel heat 
recuperators which are examples of recent efforts towards fuel 
economy. Some of these are made of heat-resisting steels without 
refractory linings, others have light refractory linings. Some of the 
advantages of these recuperators are : (1) The increased percentage 
of heat recovery ; (2) the small space taken up by the unit ; (3) higher 
gas and air pressures and velocities can be used ; (4) they are light in 
weight, require no special foundations and only very light structural 
support; and (5) their heat-storage capacity is low; they are 
therefore more flexible in operation and efficient when used inter- 
mittently. The author gives a number of heat-transfer calculations 
relating to Schack and other types of steel heat recuperators, and 
— some installations in which they are employed for heating 

ast. 

Developments in Coal Preparation in 1937. A. Gitte. (Gliick- 
auf, 1938, vol. 74, Dec. 17, pp. 1065-1079 ; Dec. 24, pp. 1093-1101 ; 
Dec. 31, pp. 1117-1124). In this comprehensive survey of the 
developments in coal-preparation technique during 1937, the author 
notes that increased attention has been paid to separation plants using 
series of troughs, that washeries using heavy liquids remain more or 
less limited for use with hard coals, and that little progress has been 
made with sludge recovery. He describes and illustrates American, 
English, Dutch and German screening- and washing-machinery, 
referring in particular to the successful use in Germany of the 
Cascadyn washer, which has several advantages over the Rheo 
washer. He notes that an order has been placed for a multi-cylinder 
internal-combustion engine using pulverised coal as fuel, which is the 
first engine of this kind for commercial, as distinct from laboratory, 
use—a development which may provide a future market for care- 
fully prepared coal. In conclusion he describes some coal-grinding 
machinery. 
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The Fundamental Equations in Pneumatic Coal Preparation. 
J. Finkey. (Publications of the Department of Mining and Metal- 
lurgy of the Royal Hungarian Palatine-Joseph University of 
Technical and Economic Sciences, 1938, vol. 10, Part I., pp. 31-45). 
The author explains the equations used in making calculations 
relative to the pneumatic process of coal-cleaning. 

The Finkey-Bamert Pneumatic Table System. J. Finkey. 
(Publications of the Department of Mining and Metallurgy of the 
Royal Hungarian Palatine-Joseph University of Technical and 
Economic Sciences, 1938, vol. 10, Part I., pp. 46-54). The author 
describes the pneumatic coal-separation plant which he designed to 
suit the properties of the Hungarian brown coal and Lias coal. In 
this plant the raw material passes over screens or tables, against the 
under side of which a number of pulsating streams of air are directed. 
The velocity of the air against different areas of the screens can be 
varied. A system of flues and conveyors carries away the coal and 
the lighter material which has been blown from it. 

The Tromp Heavy-Liquid Preparation Process. H. Moser. 
(Zeitschrift des Vereines deutscher Ingenieure, 1939, vol. 83, Jan. 
14, pp. 53-57). The author describes the principles of the Tromp 
process of coal preparation, in which the separating medium is a 
suspension of finely-ground magnetite in water. He describes and 
illustrates a Tromp separation plant, and gives particulars of the 
degree of separation achieved and the costs under German operating 
conditions. 

Coal Preparation by the Tromp Dense-Liquor Process. 0. 
Schafer. (Colliery Engineering, 1939, vol. 16, Jan., pp. 18-22). A 
translation into English of an article entitled ‘‘ The Preparation of 
Coal by the Tromp Flotation Process,” which appeared in Gliickauf, 
1938, vol. 74, July 9, pp. 581-586. (See Journ. I. and §.I., 1938, 
No. IT., p. 193 a). 

The Treatment of Washing Water. L. Muller. (Revue de 
’Industrie Minérale, Mémoires, 1939, Jan. 1, No. 429, pp. 1-8). The 
author explains the principles employed in the recovery of sludge 
from coal-washing water, and describes some circulation systems used 
to purify the water in flocculation plants. 

Settling Tanks. L. Muller. (Revue de l’Industrie Minérale, 
Mémoires, 1939, Jan. 1, No. 429, pp. 9-16). The author explains the 
laws governing the movement of solids suspended in a liquid, and 
how these are applied to the design of settling-tanks which are used in 
one of the older processes of coal-washing. ; 

The Coking Industry of Great Britain. E. F. O. Altenhein. 
(Dissertation, Technische Hochschule zu Aachen). The author 
presents a comprehensive survey of the coking industry of 
Great Britain. He deals with the subject in four parts, viz.: 
Part I. The development of the process of coking. Part II. A 
statistical survey of the distribution and consumption of the coke- 
oven products. Part III. The economic aspect of the development 

















of t 
coki 
tion 

’ 


Cok 
lung 
zern 
illus 
carr’ 

I 
Coal 
1938 
som 
Chin 
proc 
whic 
1933 

I 
Oven 
35, € 
stati 
Fran 
benz 
to th 
In th 
using 


prep 











FUEL. 205 A 


of the British coking industry. Part IV. The future of the British 
coking industry, with special reference to low-temperature carbonisa- 
tion. 

The Extension of the By-Product Recovery Plant of the Osterfeld 
Coke-Ovens of the Gutehoffnungshiitte. C. Koeppel. (Mittei- 
lungen aus den Forschungsanstalten des Gutehoffnungshiittekon- 
zerns, 1938, vol. 6, Dec., pp. 269-278). The author describes and 
illustrates many of the changes and improvements which were 
carried out in 1936 and 1937 at the Osterfeld coke-oven plant. 

Low-Temperature Carbonization Assay of Some More Chinese 
Coals. K. 8S. Chia. (Bulletin of the Geological Survey of China, 
1938, Apr., No. 31, pp. 25-26). The author summarises the results of 
some tests on the swelling properties and yield of by-products of some 
Chinese bituminous coals when carbonised by the low-temperature 
process. ‘This investigation is a continuation of that by C. C. Hsiao, 
which was reported in the Bulletin of the Geological Survey of China, 
1933, July, No. 21, pp. 13-36. 

Modern Methods of Recovering and Refining Benzol at Coke- 
Ovens. C. Berthelot. (Revue de Métallurgie, Mémoires, 1938, vol. 
35, Oct., pp. 439-447; Nov., pp. 509-522). After presenting some 
statistics on the quantities of coal carbonised and benzol produced in 
France and other countries, the author describes the processes of 
benzol recovery now employed in France, with particular reference 
to the active carbon adsorption process and the refrigeration process. 
In the second part of his paper he describes the washing of benzol 
using sulphuric acid, the recovery of tar and other by-products, the 
preparation of phenol and the refining of naphthalene. 
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Progress of the £2,500,000 Extension Scheme at Clyde Iron 
Works and Clydebridge. (British Steelmaker, 1939, vol. 5, Jan., 
pp. 5-7). The completed, and some of the uncompleted, extensions 
at the Clyde Iron Works and Clydebridge Steel Works of Colvilles Ltd. 
are illustrated and described. Mechanical conveyors for both ore and 
coke are used to the fullest extent at the new: plant, and an interesting 
feature is the pig-casting plant, which consists of an endless chain of 
metal moulds into which the iron is poured from a tipping ladle 
mounted on a bogie. 

The Combustion in the Atmosphere of Surplus Blast-Furnace Gas 
at an Ironworks. L. Poupet and R. Chaurand. (Revue de Métal- 
lurgie, Mémoires, 1938, vol. 35, Dec., pp. 525-530). The authors 
describe a burner installation at a French ironworks which solved the 
difficulty of the release to atmosphere of unburnt surplus blast- 
furnace gas. The quantity of gas to be disposed of varied from 
1000 to 45,000 cu. m. per hr. The installation consists of three 
burners 600 mm. in dia. capable of taking 15,000 cu. m. of gas per hr. 
The supply to each burner is controlled by an automatic ball valve, 
the valves being adjusted to open at pressures of 19, 20 and 21 em. of 
water, respectively. An arrangement of small pilot burners ignites 
the gas at each of the large burners. 

The Design of Modern Cowper Stoves. D. Petit. (Revue de 
Métallurgie, Mémoires, 1938, vol. 35, Nov., pp. 477-494; Dec., pp. 
544-561). In this series of articles the author commences with an 
explanation of the principles upon which the Cowper stove works, 
and proceeds from that to describe and discuss the constructional 
details of the stove. He considers next which are the most suitable 
refractory materials, and for this purpose compares the properties of 
three grades of refractory brick containing 20-25%, 30-35% and 
40-42%, of alumina, respectively. In conclusion he discusses the 
design of the fittings and accessories, such as valves, blowers, auto- 
matic controls and thermocouples. 

The Effect of the Distribution of the Charge on the Working of a 
Blast-Furnace. H.Maguin. (Revue de Métallurgie, Mémoires, 1938, 
vol. 35, Dec., pp.531-533). The author discusses the results of a series 
of tests on the distribution and movement of the coke and ore in a 
blast-furnace, the campaign lasting 12 days. Samples of gas were 
also taken at different heights and different distances from the 
centre, and these were analysed for carbon dioxide. From a study 
of the results it was deduced that there was too great a proportion of 
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coke near the walls and too great a proportion of ore at the centre, 
with the result that nearly all the gas passed up the furnace near the 
walls. By gradually correcting the distribution of the charge, a 
reduced consumption of coke and a more regular working of the 
furnace were obtained. 

Experiences in American and European Iron and Steel Works 
with Special Reference to the Smelting of Fine Ores. H. A. Brassert. 
(Stahl und Eisen, 1939, vol. 59, Feb. 2, pp. 113-122). In Part I. the 
author, after describing the development of the system for the trans- 
port of ores from Lake Superior to the ports on Lake Erie and from 
them to Youngstown, Pittsburgh and Bethlehem, discusses the 
grading, sintering and smelting of the fine ores with special reference 
to the Mesabiores. He describes one of the blast-furnaces producing 
1000 tons per day, and concludes this part by reviewing briefly the 
development of the American steel furnaces and rolling mills. 
Part LI. is devoted to European development and present practice. 
The author considers the present position of the smelting of low- 
grade ores in Germany, studies the practice developed at Corby, 
England, and compares these with American methods. 

Contribution to the Study of Pig Iron for Treatment in the Con- 
verter. P. Thierry. (Revue de Métallurgie, Mémoires, 1938, vol. 
35, Oct., pp. 425-438). The author discusses the limits within which 
the composition, temperature and viscosity of iron can be controlled 
at the blast-furnace, and the effect of variations in these factors upon 
the steel produced from it by the basic Bessemer process. 

Reduction of Iron Ores under Pressure by Hydrogen. M. Tenen- 
baum and T. L. Joseph. (American Institute of Mining and Metal- 
lurgical Engineers, Technical Publication No. 1011: Metals 
Technology, 1939, vol. 6, Jan.). The authors discuss the theory of 
the reduction of iron ores by carbon monoxide and by hydrogen 
under pressure. They then describe the apparatus and procedure by 
which they reduced a series of ;°,-in. cubes of limonite iron ore 
with hydrogen at pressures up to 10 in. of mercury and temperatures 
up to 800° C. They reproduce a series of graphs in which the time is 
plotted against the percentage reduction obtained at different 
pressures. 

The Fundamentals of the Production of High-Manganese Slags 
from Spiegeleisen and Phosphoric Spiegeleisen. W. Oelsen. (Stahl 
und Eisen, 1939, vol. 59, Jan. 26, pp. 81-87). The author reports on 
the results of a large number of experiments made with small 
quantities of pig iron and slag. These results are to be used as a 
basis for determining the possibilities and limitations of the processes 
of producing high-manganese slags from spiegeleisen and phosphoric 
spiegeleisen. He discusses the production of a high-manganese 
slag by additions of iron sulphide at high temperatures (above 
1600° C.,) and explains the process of oxidising the manganese with a 
mixture of iron oxide and iron sulphide at 1300-1400° C. As the 
manganese/iron ratio in the slag depends upon the final manganese 
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content in the iron, the final sulphur content is determined by the 
latter. When using the oxide-sulphide mixture the silica/manganese 
ratio in the slag is determined by the silicon/manganese ratio 
in the spiegeleisen because the silicon goes into the slag before the 
manganese. The silica is also an effective flux for the manganous 
oxide, so that the sulphide portion of the slag decreases as the silica 
content increases. The author presents numerous test results 
showing the relationship between the percentages of manganese 
and sulphur in the iron for slags containing different proportions 
of iron sulphide and silica. He also shows that at 1350-1450° C., 
without using iron sulphide, it is possible, by using the silica 
as a flux, to produce high-manganese slags with a sufficiently 
low silica/manganese ratio. If the spiegeleisen used is low in 
silica, this can be made up by the use of siliceous iron-manganese 
ores. He considers next the production of high-manganese slags 
from phosphoric spiegeleisen, and shows that the amount of 
phosphorus oxidised decreases as the final manganese content in the 
iron increases. By working the manganese into the slag in stages, a 
more favourable manganese/iron ratio is achieved in the slag. The 
author concludes by giving the results of some experiments using 
other oxidising agents such as calcium sulphate, sodium sulphate, 
iron sulphate, calcium phosphate and iron phosphate. 

A Consideration of the Winning of Iron in the Hallstatt and La 
Téne Period in the Sopron (Odenburg) District. A. Romwalter. 
(Publications of the Department of Mining and Metallurgy of the 
Royal Hungarian Palatine-Joseph University of Technical and 
Economic Sciences, 1938, vol. 10, Part I., pp. 173-181). The 
author traces the history of iron-making in the Odenburg and 
Burgenland districts of Hungary in Roman times, his account being 
based partly on the discovery of slag near Sopron. Using the 
production of one man in one day as a unit of comparison, the 
author deduces that the cost of producing iron was then many times 
the present figure. 

Construction of the Lansdown Iron Furnace Commenced 1799. 
G. A. Cuthbertson. (Canadian Mining Journal, 1938, vol. 59, Dec., 
pp. 700-702). Ina historical note the author gives an account of the 
difficulties encountered by various petitioners to the Governor of 
Canada for a grant of land and mineral rights to enable them to erect 
and work the second blast-furnace in the history of Canada. ‘Two 
brothers, Roger and Abel Stevens, initiated the enterprise, and 
presented their petition in 1791, but the conditions imposed and 
delays caused by counter-claimants were so obstructive that the 
construction of the furnace was not commenced until 1799, on land 
near Lansdown Township on the Gananoque River in Leeds County. 
This furnace had a very short life, for it only commenced production 
in 1801, and was accidentally destroyed by fire in 1811, since then no 
attempt has been made to restart mining and smelting in that 
district. 
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(Continued from pp. 144 a-146 a) 


Twenty-Five Years’ Development in the Foundry. ‘T. Geilenkir- 
chen. (Giesserei, 1938, vol. 25, Dec. 30, pp. 657-664). The author 
reviews the advancements which have taken place in the technique 
of the production of castings at German foundries during the last 25 

ears. 
" Co-operation between Foundry, Drawing Office and Machine 
Shop. H. Jungbluth. (Foundry Trade Journal, 1939, vol. 60, 
Jan. 19, pp. 81-83). An English translation of the paper entitled 
“The Co-operation between Founder, Designer and Machinist,” 
which appeared in Giesserei, 1938, vol. 25, Sept., 9, pp. 442-446. 
(See Journ. I. and 8.I., 1938, No. II., p. 346 a). 

Refining Cast Iron. G. S. Evans. (Foundry Trade Journal, 
1939, vol. 60, Jan. 26, pp. 99-101). The author discusses the theory 
and practice of the desulphurisation of molten iron as it leaves the 
cupola or in the casting ladle by the addition of soda ash, and con- 
siders the effects of this on its fluidity and on the strength of the 
finished castings. 

The Effect of Treating Cast Iron with Caustic Seda. T. L. Joseph, 
F. W. Scott and M. Tenenbaum. (Metals and Alloys, 1938, vol. 9, 
Dec., pp. 329-335). The authors discuss the effects of additions of 
caustic soda to grey iron with particular reference to the elimination 
of sulphur, the chemical reactions which take place and the effects 
upon the transverse tensile strength and the microstructure. They 
describe the device used to place the caustic soda well below the 
surface of the liquid metal in the ladle, to ensure a vigorous reaction, 
which would affect the whole of the melt. They found that although 
the effect on the physical properties varied widely, depending upon 
the method of application, there was a definite increase in the trans- 
verse breaking load of all specimens of the iron to which caustic 
soda had been added. 

A 25-Year Review of Progress in High-Duty Cast Iron. H. J. 
Young. (Foundry Trade Journal, 1939, vol. 60, Jan. 12, pp. 29-30). 
In this review of 25 years’ progress in the production of cast iron with 
improved properties, the author refers to some instances in which 
there has been very little improvement, and goes on to discuss some 
of the characteristics of castings produced by the Lanz Perlit pro- 
cess, as well as those of the nickel-bearing irons. He refers also to 
the properties of Meehanite, Enduron and the new range of all- 
pearlitic grey irons known as “loded’”’ irons, and concludes by 
remarking that the progress made has been the result of the efforts of 
comparatively few people. 

1939—i P 
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Some Unusual Aspects of Malleable Iron Melting. A. L. Boege- 
hold. (Transactions of the American Society for Metals, 1938, vol. 
26, Dec., pp. 1084-1121). The author discusses some factors which 
affect the production and the rapid annealing of whiteheart malleable 
iron. This paper also appeared in Metal Progress, 1938, vol. 34, 
Nov., pp. 557-562, 608. (See p. 144 a). 

Some Notes on the Malleablisation of White Iron. M. Leroyer. 
(Foundry Trade Journal, 1939, vol. 60, Jan. 5, pp. 6-8). After 
explaining the changes which take place during the process of 
annealing white iron, the author describes five methods by which the 
graphitisation process can be accelerated. These are: (1) By raising 
the annealing temperature ; (2) by increasing the number of carbon 
nodules formed ; (3) by increasing the silicon; (4) by completely 
neutralising the decarburising influence of the sulphur by adjusting 
the manganese content so that practically all the sulphur combines 
with it; and (5) by working in a slightly oxidising atmosphere in 
order to utilise the catalytic action of carbon dioxide. He concludes 
by discussing the iron-carbon-oxygen equilibrium diagram and the 
factors which accelerate decarburisation. 

Some Notes on Machine-Moulding. B. Gale. (Foundry Trade 
Journal, 1939, vol. 60, Jan. 26, pp. 93-96, 92). The author 
describes and illustrates a number of hand-driven and_power- 
operated moulding machines, and discusses the factors which in- 
fluence the choice of a machine. In the second part of his paper he 
deals with the advantages and disadvantages of cast iron, brass, 
white metal, stone compounds and plaster of paris for making 
patterns. 

Manufacture of Chilled and Grain Rolls. W.H. Lewis. (Foundry 
Trade Journal, 1939, vol. 60, Jan. 19, p. 79). Progress in Chilled 
and Grain Roll Manufacture. W.H. Lewis. (Metallurgia, 1939, 
vol. 19, Jan., pp. 109-110). In his presidential address to the 
Staffordshire Iron and Steel Institute, the author, after reviewing the 
early phases in the manufacture of rolls, discussed the part played 
by the metallurgist in the development of improved foundry 
technique. He described the air furnace as used in Staffordshire 
and the properties which rolls should possess, and concluded by 
touching upon the sizes and special applications of chilled and grain 
rolls. 

Development at Gold’s Green Roll Foundry of C. Akrill & Com- 
pany, Limited. (Iron and Coal Trades Review, 1939, vol. 138, Feb. 
3, pp. 233-236). A general description is given of the foundry, 
machine shop and laboratory of C. Akrill and Co., Ltd., West 
Bromwich, to which extensions have recently been made. This com- 
pany casts rolls weighing up to 25 tons. Some details are also given of 
Adamite, Nichillite, Nironite and compound rolls which the com- 
pany manufactures under American licences. 

Cracks in Chill Rolls Present Problems. (Foundry, 1939, vol. 67, 
Jan., pp. 34-35, 78). The opinions of four American foundry experts 
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on the causes of cracks in chilled rolls 13 in. in dia. by 31 in. long are 
presented. The difficulty was experienced by a foundry in India, 
where a charcoal iron mixture to the following analysis was used : 
silicon 0-80-0-90%, manganese 0-40-0-80%, chromium 0-40-0:50%, 
nickel 1-00—1-20% and total carbon 3-00-3-20%. 

Casting Automotive Parts. (Canadian Metals and Metallurgical 
Industries, 1938, vol. 1, Nov., pp. 299-302). An illustrated descrip- 
tion is given of the foundry plant at the Windsor Works of the Ford 
Motor Co. of Canada, Ltd. The melting equipment at this plant 
includes two 5-ton Swindell and one 4-ton Pittsburgh electric 
furnaces and two 44-ton Brackelsberg furnaces. The technique 
employed in the casting of steel crankshafts and hubs and of grey 
iron flywheels, brake-drums, clutch-plates and other smaller items is 
explained. 

Some Useful Probability Tables. H. V. Johnson. (Metals and 
Alloys, 1938, vol. 9, Nov., pp. 309-310). As it is not practicable in 
most industries to test every article manufactured, it is customary to 
test a certain percentage of the production. This applies in parti- 
cular to castings where destructive tests are employed. In this 
paper the author presents two probability tables compiled from 
actual experience in the foundry with which he is connected. These 
tables enable the true significance of the results of a series of tests 
to be evaluated in respect to the entire output. 
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The Zaporozhstal’ Tool-Steel Plant During the Period 1932 to 
1987. V.G.Speranskiy. (Kachestvennaya Stal, 1937, No. 11, pp. 
59-64. (In Russian). The author gives an illustrated description of 
the Zaporozhstal’ works where tool-steel is produced, giving some 
statistics regarding production, and discusses the processes used. 

Open-Hearth Design and Construction. G. L. Danforth, jun. 
(Blast Furnace and Steel Plant, 1938, vol. 26, Dec., pp. 1183-1187). 
After describing the layout of a typical American steel-producing 
plant, the author gives a detailed description of a 125-175-ton 
open-hearth furnace. 

** Tailor-Made ’’ Steels. T. Grey-Davies. (Sheet Metal In- 
dustries, 1938, vol. 12, Sept., pp. 992-995; Oct., pp. 1120-1122; 
1939, vol. 13, Jan., pp. 39-40, 42). Continuing this series (see Journ. 
I. and8.1., 1938, No. IT., p. 209 a) the author discusses in Part VI. the 
importance of the rigorous selection and grading of the two raw 
materials, pig iron and scrap, which are required for the making of 
deep-drawing steel. In Part VII. he describes some of the labour- 
saving devices used for handling pig iron and scrap for charging, and 
the technique of working the open-hearth furnace. He concludes 
this part with some remarks on the training of melters. In Part 
VIII. he discusses the physical chemistry of the reactions which 
occur in the open-hearth furnace. 

The Dependency of the Ferrous Oxide Content in Open-Hearth 
Steel on the Basicity of the Slag. P. N. Iwanow. (Stahl und 
Eisen, 1939, vol. 59, Jan. 5, p. 13). In an extended abstract of the 
original article which appeared in Metallurg, 1938, vol. 13, No. 4, pp. 
21-30, particulars are given of the results of an investigation of 41 
melts of steel in which the relationship of the ferrous oxide 
content to the CaO/SiO, ratio was determined. The author comes 
to the conclusion that it is necessary to work with a low-viscosity, 
not too highly-basic slag having a CaOQ/SiO, ratio of from 1-8 to 2-0 
in order to produce a high-quality open-hearth steel. 

Heat Balance of a 6-Ton Héroult Furnace for Melting Ferro- 
Manganese. E. Miiller. (Stahl und Eisen, 1939, vol. 59, Feb. 2, 
pp. 126-127). The author describes some investigations undertaken 
to determine how the age of a 6-ton electric Héroult furnace affected 
the amount of heat lost and the relationship of its efficiency to the 
output. He found that only the radiation losses to the roof in- 
creased as the age increased, and that the greatest efficiency was 
obtained when the furnace was used at full capacity. He presents 
two diagrams showing the distribution of the heat consumption at 
the beginning and at the end of 5 weeks’ working. 
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Some Details of the Exploitation of the 30-Ton Electric Furnaces 
at the Zaporozhstal’ Works. V.G.Speranskiy. (Kachestvennaya 
Stal, 1938, No. 1, pp. 4-7). (In Russian). Brief characteristics 
of the 30-ton basic-lined 8000 kVA. furnaces are given. These 
furnaces have now been in operation for 18 months under the 
following conditions: (1) Using graphite electrodes and a solid 
charge ; (2) using graphite electrodes and a molten charge ; (3) using 
“tamped ” electrodes 400 mm. in diameter and solid and molten 
charges, and (4) using carbon electrodes 600 mm. in diameter and a 
molten charge. The characteristics of each method of operation are 
described. The normal diameter of graphite electrodes for these 
furnaces was 400mm. The “ tamped ” electrodes used as substitutes 
for the graphite electrodes were made by filling a warmed iron pipe, 
400 mm. in diameter, with the warmed agglomerate. It was found 
that no ramming was actually necessary. In view of the com- 
paratively low current density which had to be used with these 
electrodes, the melting of solid charges took too long, and molten 
charges obtained from the tilting open-hearth furnaces were there- 
fore substituted. The “‘ tamped ” electrodes were found to be very 
unsatisfactory in other ways. The operation of the furnaces using 
600-mm. dia. carbon electrodes and a molten charge was quite good, 
and it is intended to try the melting of solid charges using these 
electrodes. In conclusion reference is made to the wear of the 
refractory lining. 

Electrode Control in Electric Arc Furnaces. K. Edgqvist. 
(Teknisk Tidskrift, 1939, vol. 69, Jan. 14, Bergsvetenskap No. 1, 
pp. 46). (In Swedish). The author describes the hydraulic 
mechanism for controlling the electrodes of an electric steel furnace 
which is designed and made by Regulatoraktiebolaget Armas. 
Quoting figures obtained in the operation of a 1-ton furnace, he 
compares the cost of automatic control with that of hand control, 
and shows that by using the former there is a saving in the con- 
sumption of current and electrodes amounting to approximately 
4s. 6d. per ton of steel produced. 

Recent Tendencies in the Development of High-Frequency 
Furnaces. L. Dreyfus. (Teknisk Tidskrift, 1939, vol. 69, Jan. 14, 
Bergsvetenskap No. 1, pp. 1-4). (In Swedish). The author de- 
scribes some of the electric furnaces developed by the Swedish 
General Electric Co. He refers to the simultaneous application of a 
polyphase L. F. current which sets up a stirring action and a single- 
phase H. F. current for melting. . He describes also the method of 
preparing the refractory acid lining, and quotes an example in which 
such a lining in a 44-ton furnace lasted for 400 heats before it 
had to be completely renewed. As a basic lining it was found that 
sintered magnesite was satisfactory only in furnaces of up to 2 tons, 
because on reaching a temperature of 1600° C. a crystalline trans- 
formation occurred which caused the material to contract. The 
above-mentioned company has already perfected a suitable basic 
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material on an experimental scale, and this is now being tried out in 
a 1600-kg. double-frequency furnace. In the concluding part of his 
paper he describes some small H. F. furnaces designed for the heat 
treatment of tools, in particular boring bars for mining. 

The Process of Solidification and the Structure of Rimming Steel 
Ingots. A. Hultgren and G. Phragmen. (Jernkontorets Annaler, 
1938, vol. 122, No. 8, pp. 377-453). The authors present a report on 
an investigation of the freezing phenomena and structure of rimming 
steel ingots. The work was undertaken by a committee set up in 
1934 by Jernkontoret. The following is a summary of the report : 
(1) The observations and views of previous investigators of rimming 
steel ingots are reviewed, with particular reference to the nature of 
the gases liberated during freezing, and their effect on the formation 
of blowholes and on the structure and composition of the steel. 
(2) The laws of freezing for rimming steel of various carbon and 
manganese contents under different conditions are outlined as 
deduced from a tentative iron-carbon-oxygen diagram, modified by 
manganese, in which the gas phase is also included. (3) As a 
consequence of the reaction : Carbon (in solution) + oxygen (in solu- 
tion) > CO (+ CO,) (gas), there exists a balanced composition 
characterised by the carbon and oxygen concentrations of the liquid 
remaining unaltered as long as gas is freely evolved during freezing. 
This composition is probably not far from 0-06% of carbon and 
0-04% of oxygen, assuming the metal to be saturated with respect 
to the gas reaction. For metal having a higher carbon content, 
carbon will increase and oxygen decrease in the liquid metal during 
freezing during gas evolution; for metal of lower carbon content 
the opposite holds true. (4) After the top of the ingot is closed, gas 
is evolved in limited volumes corresponding to the shrinkage, under 
continuously growing pressure as the carbon and oxygen concen- 
trations in the liquid and solid increase, the composition and the 
pressure being interrelated as indicated by the equilibrium diagram. 
(5) A series of rimming-steel ingots, with carbon varying from 0-046 
to 0-21%, was studied by chemical analysis, sulphur prints and 
etched sections. (6) Details of the primary structure, blow-holes and 
segregates in the different ingots examined are described. From 
these observations the mechanism of formation of the skin, rim 
holes, rim channels, intermediate and core holes, deformation struc- 
tures of different type and several forms of segregate has been 
deduced. (7) The distribution of carbon, phosphorus, sulphur and 
oxygen in the different zones of the ingot has been determined in a 
few cases, and found to agree on the whole with the distribution 
deduced from consideration of the equilibrium diagram and the 
known or postulated variables associated with the freezing process. 
(8) The various possible effects of the growing pressure as freezing 
proceeds inwards after the closing of the top are discussed, and found 
to agree generally with the phenomena observed in the structure. 
(9) The effects of composition, temperature and casting conditions 
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on the structure of the ingot are also discussed. A bibliography of 
212 references is appended. 

Pipe Elimination in Steel Ingots. E. Altenhein. (Iron and Steel 
Industry, 1939, vol. 12, Jan., pp. 247-250, 260). The author 
describes in detail the process of the solidification of a steel ingot and 
the causes of the formation of pipe. He then shows that the obvious 
step to take to reduce the depth to which the pipe may extend down 
the ingot and so to reduce the amount which has to be cropped, is to 
retard the solidification of the metal.in the ingot head. He discusses 
the use of “ Lapix ” and other compounds, the lining of the ingot- 
mould head with refractory material, the use of electrically heated 
heads and the practice of “ aftercasting ” in which the hollow in the 
head of the ingot is filled up with hot metal about 20 min. after the 
first teeming. In conclusion he deals with the casting of large ingots 
which are intended for solid forgings. 

A French Appraisal of Rimmed v. Killed Steel. L. Guillet. 
(Metals and Alloys, 1938, vol. 9, Dec., pp. 343-349). An abridged 
translation into English by A. Sauveur of an article entitled ‘‘ Killed 
and Effervescing Steels ” which appeared in Revue de Métallurgie, 
Mémoires, 1937, vol. 34, Sept., pp. 493-512; Oct., pp. 545-568 ; 
Nov., pp. 597-613 ; Dec., pp. 657-664. (See Journ. I and §.1., 1938, 
No. I., p. 250 a). 
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(Continued from p. 18 a) 


Considerations and Experiences in the Construction of a Pusher- 
Type Furnace for Alloy Steel. K.v.d. Linden. (Stahl und Eisen, 
1938, vol. 58, Dec. 29, pp. 1473-1480). The author discusses the 
considerations which governed the design of a furnace for reheating 
2-ton ingots of ordinary steel and 1-ton ingots of alloy steel. The 
following are some of the characteristics of the pusher-type furnace 
which was constructed: Hearth, 26 m. long x 3-9 m. wide; 
estimated throughput, 270 tons per 24 hr. ; peak throughput, 400 
tons per 24 hr.; temperature, 1050-1300° C.; fuel, mixed blast- 
furnace and coke-oven gas; total capacity of 5 overhead and 12 side 
burners, 6000 cu. m. of gas per hr. The author describes the furnace 
in detail with particular reference to the control instruments, and 
concludes with an account of the experience obtained when working 
it, in the course of which he gives data relating to the fuel 
consumption and throughput. 

Experiences in the Construction and Operation of Modern Pusher- 
Type Furnaces. T. Stassinet. (Stahl und Eisen, 1939, vol. 59, 
Jan. 19, pp. 54-63). The author presents a detailed description with 
numerous drawings of the furnaces constructed at Dinslaken, 
Germany, for the heating of billets for rolling wide strip. The billets 
weigh 850-5000 kg., and a throughput of 50-60 tons per hr. is 
obtained. There are three furnaces 26-5 m. long by 5-5 m. wide, 
heated in three zones—namely, the preheating zone, the heating 
zone and the soaking zone. Coke-oven gas mixed with preheated 
air is used as fuel. The air is preheated to 600°C. in a welded 
wrought-iron, recuperator, which is described in detail. The use of 
the under-firing system has raised the efficiency of the furnaces to 
over 50%. The pressure and temperature within the furnaces are 
automatically regulated. The author compares the performance of 
these furnaces with that of others in Germany and discusses the 
results obtained. The whole of the Dinslaken strip mill plant was 
described by F. Winterhoff in an article entitled ‘“‘ The Construction 
and Operation of the First German Wide Strip Plant” in Stahl 
und Eisen, 1938, vol. 58, Nov. 3, pp. 1225-1237. (See p. 96 A). 
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FORGING, STAMPING AND DRAWING 





(Continued from pp. 151 aA-154 a) 


A Review of German Forging Machines. G. Fritz. (Engineering 
Progress, 1938, vol. 19, Oct., pp. 195-200). The author describes 
and illustrates some drop, steam and pneumatic hammers, and 
power-driven presses of modern German design. 

The Selection of Forging Metals. W. Naujoks. (Industrial 
Heating, 1938, vol. 5, Oct., pp. 914-916; Nov., pp. 1016-1022 ; 
Dec., pp. 1114-1116). In Part I. of this series the author explains 
his method of classifying the metals suitable for forging, and indicates 
very briefly the effects of the elements carbon, manganese, silicon, 
sulphur, phosphorus, nickel, chromium, molybdenum, vanadium and 
tungsten upon those properties which affect the forging of alloy 
steels. In Part II. he gives brief particulars of the properties and 
applications of a large number of S.A.E. steels and American corrosion- 
resisting steels. The author concludes the series by enumerating a 
large number of forged products and stating the most suitable 
non-ferrous metals from which to make them. 

Power Requirements and Flow of Material in Drop Forging. 
A. Pomp, T. Miinker and W. Lueg. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, No. 20, pp. 
265-291). The authors present an account of their investigation of 
the flow of metal and the power required to produce pressings and 
drop forgings. The tests were made with cylindrical specimens 
having a diameter/height ratio of from 1 to 1-5. The pressings were 
produced in a 250-ton press and the forgings under a 150-kg. drop 
hammer. The metering apparatus was designed to permit of the 
direct measurement and recording, unaffected by inertia, of the 
deformation of the metal and the pressures exerted by the press 
and the tup. The authors made some preliminary tests with lead, 
which enabled the effect of the die shape to be studied uninfluenced by 
heat or the surface condition of the specimens. They compared the 
“rise ” (ability of the metal to fill the dies) of the metal in dies of 
different shapes under equal pressures. Using the cylindrical 
specimens described above, they found that the maximum rise in 
twin conical dies was obtained when the die walls had a taper of 
lin5. Using lead specimens of equal dimensions, it was found that 
with equal power consumption the rise of metal in the die increased 
with increasing die diameter. Altering the radiusing of the die 
mouth,had little effect upon the rise, whilst an increase in the taper 
of the die caused a heading action, and thus decreased the rise. 
Some tests made with a 0-07% carbon steel at temperatures of 
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800-1200° C. under the conditions which produced the maximum rise 
with lead produced similar results. Changing the temperature of 
the dies and the initial temperature of the specimens only affected 
the power required, not the amount of rise. Drop forge pressure- 
deformation diagrams for different heights of fall were constructed 
and compared with similar pressing diagrams in order to study the 
effects of different rates of deformation. For all the dies tested it 
was found that the work done by the tup in producing the same 
deformation as in the press was 1-8 times as much. In both pro- 
cesses the pressure-deformation diagrams showed that there was a 
short “intensive-flow’”’ period. In all the tests with lead more 
material flowed into the lower die, which in the case of the press was 
the half that moved, but in the drop forge remained stationary. 
This did not happen as a rule with steel specimens. The concluding 
part of the investigation was devoted to a study of the direction of 
flow of the metal in drop forging. This was done by cutting the 
specimens in two and drawing a network of 2-mm. squares on the 
surfaces of the sections ; the displacement of the lines was measured 
after each blow of the tup. The results obtained in the course of the 
whole investigation are presented in the form of tables, graphs and 
illustrations. 

Practical Forging and Tooling. E.G. Marshall. (Heat Treating 
and Forging, 1938, vol. 24, Dec., pp. 603-608). In Part VI., which 
concludes this series (see p. 151 A), the author describes the technique 
of die sinking for making dies for the forging of parts for motor cars. 

Bethlehem Enlarges Johnstown Axle Plant. E. F. Kenney. 
(Iron Age, 1938, vol. 142, Dec. 22, pp. 28-29). The author presents 
an illustrated description of the new equipment at the Johnstown 
Works of the Bethlehem Steel Co. This includes an additional 
forging hammer, two heat-treatment furnaces heated with coke-oven 
gas, a charging machine and several cutting-off machines and lathes 
for the finishing shop. 

Forging and Rolling Toolsteels. H.C. Bigge. (Metal Progress, 
1938, vol. 34, Dec., pp. 665-670). In his discussion of the processes 
of forging and rolling tool-steel ingots, the author describes first the 
process of hammer-cogging. Two advantages of making the first 
reduction by forging instead of rolling are that corner cracks can be 
removed more easily and that the amount of reduction desired can 
be more easily obtained, for in the rolling process a very large 
number of roll sets would have to be stocked. He considers next 
the correct heat treatment to adopt to prevent cracking and peeling 
prior to the rolling, and concludes by describing the methods of 
annealing the finished high-speed steel, high-carbon steel and alloy 
tool steel. 

Recent Design Developments in Press Brakes and Presses. F. J. 
Oliver. (Iron Age, 1938, vol. 142, Dec. 15, pp. 45-50). A number 
of recent improvements in the design of presses and press equipment 
are described and illustrated. An hydraulically operated brake and 
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the Rafter press brake are of particular interest among items of 
equipment. Following the introduction of the continuous rolling 
of wide strip, there is now available a press fitted with an uncoiler and 
auxiliary levelling and straightening rolls which will feed a sheet up 
to 180 in. x 72 in. at each stroke of the press. 

Jobbing Die Steels. N.I.Stotz. (Iron Age, 1938, vol. 142, Dec. 
15, pp. 42-44). The author discusses the available kinds of steel 
for making dies for stamping machines, and shows that there is a 
demand for a steel which would combine the distortion-resistance 
properties of high-carbon, high-chromium steel with the advantages 
of the manganese oil-hardening steels at a cost not exceeding that 
of the latter. He then describes the die steel produced by an East 
Pittsburgh company to meet this demand. This is an air-hardening 
steel containing 5-6% of chromium balanced with carbon and 
vanadium, and it also contains molybdenum and/or tungsten to 
produce the required hardness when cooled in still air. 

Researches on the Deep-Drawing Process. 8S. Fukui. (Scientific 
Papers of the Institute of Physical and Chemical Research, Tokyo, 
1938, vol. 34, Oct., Part III., pp. 1422-1527). The author describes 
his investigation of the forces required to produce cups from flat 
discs by deep-drawing. He describes the apparatus he set up to 
measure these forces, and explains the calculations by which he 
determined a new relationship between the drawing force and the 
stresses induced in a blank, as well as the relation between the 
drawing force and the shape of the die and other factors. 

Progress in Deep Drawing and Pressing. J.D. Jevons. (Metal 
Industry, 1939, vol. 54, Jan. 13, pp. 35-40). In surveying the 
developments in metal drawing and pressing, the author finds that 
no great changes have taken place during 1938, but he refers to a 
number of minor developments, such as the increase in size and 
power of the presses, the popularity of hydraulic power, the use 
of small and large multi-punch presses and the application of 
automatic lubrication, and shows how these have gone a long way to- 
wards meeting the increasing demands of the consumer. 

Farmer Norton Wire Machinery. (Wire Industry, 1939, vol. 6, 
Jan., pp. 11-16). A description is given of the plant for making 
wire-drawing machinery at the works of Sir James Farmer Norton 
and Co., Ltd., Salford. 
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(Continued from pp. 155 a—158 a) 


The Development of the Hot Rolling Process in Recent Times. 
G. Wallquist. (Jernkontorets Annaler, 1938, vol. 122, No. 7, pp. 
265-370). (In Swedish). In his introduction the author shows, by 
quoting from the data presented in three tables, the relative import- 
ance of the rolling department of an iron and steel works as com- 
pared with the blast-furnace and steel-furnace departments, in 
particular with regard to capital outlay, running costs and number 
of employees. From this it is not surprising that such efforts have 
been made to improve the technique and lower the costs of rolling 
steel. He then describes many of the recent improvements in the 
design of reheating furnaces, soaking pits, roll stands, rolls, bearings, 
drives, mill motors and accessories. The Swedish “ coal-tower 
reheating furnace ”’ is described in detail. In this the coal is fed 
from the hopper or tower by an archimedian screw and the air 
supply is preheated in a steel recuperator. The operating data for 
four of these furnaces are given in a table. He describes next the 
technique of rolling billets, rails, girders, bars, wire, strip, plates and 
sheets, pointing out where improvements have been made. In 
conclusion he discusses the latest pickling and plating processes, 
giving particulars of those processes which are not yet used in 
Sweden. 

Roll Impact and Phenomena in the Cold-Rolling Stand during 
the Rolling of Sheets at the End of the Pass. G. Reimer. (Stahl und 
Eisen, 1939, vol. 59, Feb. 2, pp. 122-126). In this mathematical 
discussion the author explains the composition of the stresses in a 
roll stand before, during and after the passage of a sheet. He 
presents and explains a rolling-pressure diagram in which the ordi- 
nates represent the pressure on the rolls and the abscisse the total 
stress caused by the elongation of the stands, the bending of the top 
and bottom parts of the stands, the compression of the screw-downs 
and the bending of the rolls. He shows how to use this diagram to 
predict the strength of the impact of one roll upon the other after the 
passage of a sheet of given thickness. 

Rolling Steel on Composition Bearings. O.K.Graef. (Iron and 
Steel Industry, 1938, vol. 12, Dec., pp. 202-204; 1939, Jan., pp. 
251-254). The author traces the history of the development of 
rolling-mill bearings from the first mill in 1784, when the iron 
journals ran in a hole in wood, up to the use of composition or 
synthetic resin bearings at the present time. He considers next the 
design of bearings for modern mills and discusses the advantages 
and disadvantages of synthetic resin bearings. On the one hand 
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these bearings have a very long life and less power is required to 
drive the mill, but on the other hand the material will not ‘ flow,” 
and therefore will not adjust itself to misaligned roll necks, and it 
also has a low coefficient of heat transfer, with the result that all the 
heat must be transmitted through the roll neck. It must be remem- 
bered that the synthetic material is totally different from babbit 
metal or bronze, and requires different treatment if satisfactory 
results are to be expected. In conclusion the author presents some 
data showing the operating conditions and the service satisfactorily 
performed by synthetic resin bearings in many different rolling mills, 
and two instances in which the performance was unsatisfactory, not 
because of the material used, but because of misalignment, improper 
application of water or faulty adjustment. 

Lubrication in Continuous Strip Mills. (Steel, 1938, vol. 103, 
Dec. 12, pp. 38-42; Dec. 19, pp. 44-46, 67). In the first part of 
this article the characteristics of the roller bearing and of the tapered 
sleeve bearing for continuous strip mills are described, and the cen- 
tralised high-pressure grease system and the continuous oil circulation 
system are discussed. In the second part the importance of exclud- 
ing water from the bearing and the lubricant is emphasised and some 
of the seals used for this purpose are described. Finally the pumping 
system used to overcome the initial friction when starting the rolls 
is described. 

The Use of Idle Edging Rolls and the Possibilities of Increasing the 
Output Capacity of Blooming Mills. N. Sobolevskiy. (Stal, 1938, 
No. 6, pp. 20-25). (In Russian). By a mathematical analysis the 
author demonstrates the existence of a considerable forward force 
in the material leaving the roll gap. This force, he suggests, could 
be usefully employed by passing the material, in the case of a 
blooming mill, through two pairs of idle rolls placed in a vertical 
position immediately behind the driven rolls of the mill. 

Kembla Works Plant Extensions. E. Faulkiner. (Broken Hill 
Proprietary Review, 1938, vol. 16, Dec., pp. 6-7). The author 
describes the extensions and alterations to the plant at the Kembla 
Works of Australian Iron and Steel, Ltd., relating to the modernisa- 
tion of the 10-13-in. bar mill. The new plant includes a billet-yard 
crane and runway, a recuperative billet furnace fired by coke-oven 
gas, a roll stand and equipment, two mill motors, a motor-generator 
set and a cooling bed 240 ft. long with mechanical equipment. 

Guests of Carnegie-Illinois Shown Irvin Works. (Blast Furnace 
and Steel Plant, 1938, vol. 26, Dec., pp. 1167-1171). Carnegie- 
Illinois Opens New Irvin Works. (Iron Age, 1938, vol. 142, Dec. 15, 
pp. 24-29). Irwin Works of Carnegie-Illinois Steel Corporation. 
(Iron and Coal Trades Review, 1939, vol. 138, Jan. 6, pp. 9-13). 
New Hot Mill. (Steel, 1939, vol. 104, Jan. 16, pp. 56-58). Descrip- 
tions are given of the strip mills at the Irvin Works of the Carnegie- 
Illinois Steel Corporation near Pittsburgh, which were opened in 
December, 1938. (See p. 157 a). 
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Steel Plans its Future Realistically. T.C. Campbell. (Iron Age, 
1939, vol. 143, Jan. 5, pp. 134-138). The author discusses some of 
the methods by which the American steel mills hope to reduce costs 
in 1939, and presents some tables showing the annual production 
capacities of the different American sheet and strip rolling mills. 

Production of Heavy Tubes—Chesterfield Tube Company’s New 
Plant. (Iron and Steel Industry, 1939, vol. 12, Jan., pp. 241-243), 
Extension to the Chesterfield Tube Works. (Iron and Coal Trades 
Review, 1939, vol. 138, Jan. 13, pp. 42-44). A description is given 
of the forging and tube-drawing plant which was officially opened 
in December, 1938, at the works of the Chesterfield Tube Co. (See 
Journ. I. and §.I., 1938, No. II., pp. 144 4). 

Direct and Continuous Casting—Production of Sheet and Bar from 
Molten Metal. E.R. Mort. (Metal Industry, 1939, vol. 54, Jan. 13, 
pp. 41-46). The author describes a number of processes for the 
direct rolling of liquid steel and non-ferrous metals which have had 
some success in America during the past few years. Of these 
processes, those of Hazelett and Eldred produce a saleable product 
direct from the molten metal, subject, of course, to the usual finishing 
processes, whilst that of Junghans produces in indefinite lengths 
something which is intermediate between the present raw material 
utilised by some manufacturers and the final product derived from 
that raw material. These three processes have been tried out, and 
have given good results. Some other processes more briefly described 
because they are too new for much information to be available, are 
those of F. J. Kohlhaas, C. O. Evans and A. R. Walton. 

Describing the ‘ Robertson’’ Bar-Straightening Machines. 
(Wire Industry, 1939, vol. 6, Jan., pp. 49-50). An illustrated 
description is given of a heavy-duty bar or tube reeling and 
straightening machine produced by W. H. A. Robertson and Co., 
Ltd. By virtue of the variable roll angle, the machine will straighten 
material of high or low tensile strength without the necessity of 
changing the rolls. The machine is made in three standard sizes of a 
capacity from 0-125 in. to 4-0 in. in dia. 

Slab Turning. (Steel, 1939, vol. 104, Jan. 9, pp. 48-49). A brief 
description is given with illustrations of a device for turning a slab 
so that it may be cross-rolled in the blooming mill. This slab turner 
consists of two hydraulically operated pistons positioned one above 
and one below the table in such a manner as to operate between the 
table rollers. The slab itself sets the device in motion by passing 
over a shoe which operates a trip mechanism. 
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HEAT TREATMENT 





(Continued from pp. 159 a—162 a) 


Colloidal Graphite has Wide Possibilities for High-Temperature 
Lubrication. (Sheet Metal Industries, 1938, vol. 12, Dec., pp. 
1380-1381). After an explanation of the atomic structure of 
graphite and some notes on the work of E. G. Acheson, Jenkins and 
Finch on the lubricating properties of colloidal graphite, the results 
of several experiments carried out at the National Physical Labora- 
tory are tabulated and discussed. In the concluding part of the 
article the heat-resisting properties of graphited oil are examined and 
some examples of its application are given—e.g., the lubrication of 
chains and conveyor equipment of annealing and enamelling 
furnaces. 

The Heat Treatment of Wire and Wire Products. (Wire Industry, 
1939, vol. 6, Jan., pp. 45-46). Continuation of a series of articles. 
(See p. 161 A). This number of the series consists of an extended 
abstract of the paper entitled “‘ The Necessity for Control of Steels 
and Their Heat Treatment ” by R. J. Brown. (See p. 160 4). 

New Furnace Broadens Use of “ Moly ’’ Tools. (fron Age, 1938, 
vol. 142, Dec. 22, pp. 30-31). The state of war in China having 
caused interruptions in the supply of tungsten, efforts have been 
made to find a means of satisfactorily heat-treating molybdenum 
steels without surface decarburisation. This has resulted in the 
production of the “‘Char-Mo” furnace. This new furnace has a 
carborundum muffle 24 in. x 12 in. x 10 in. and a refractory 
retort running vertically through the combustion chamber at the 
rear of the furnace. At the top of the retort is a hopper containing 
charcoal, and at the bottom a device for removing any ash. The 
flues and ports are so arranged that the carbon-monoxide/carbon- 
dioxide ratio can be adjusted for the particular heat treatment 
required. It is stated that a non-oxidising and a non-decarburising 
atmosphere can be produced in this way. 

Heat Treatment of Steel. W. Brazenall. (Engineering In- 
spection, 1938, vol. 4, Nov.-Dec., pp. 9-17). The author discusses 
the theory and practice of all the phases of heat treatment as applied 
to tools and finished engine parts. 

A Practical Muffleless Carburizing Furnace. W. E. Sanders. 
(Metal Progress, 1938, vol. 34, Dec., pp. 678-683). The author 
describes a carburising unit recently installed at Muncie, Indiana, by 
the Chevrolet Motor Co. for hardening gears and other parts. 
Natural gas is used both as fuel and for the carburising atmosphere. 
The products of combustion are prevented from mixing with the 
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carburising atmosphere by providing a series of metal combustion 
chambers staggered along each side of the furnace. The parts to 
be carburised are loaded on trays taking 250-350 Ib. each, and about 
three trays can be passed through the unit in 1 hr. The trays are 
moved by a series of oil-operated cylinders, and the cycle is controlled 
by electrically operated timing gear. After passing through the 
carburising zone at a temperature of 1525-1690° F. the charge is 
automatically moved into a cooling chamber, where its temperature 
is brought down to 600° F. The next stage is that of reheating to 
about 1460° F., after which the charge is quenched in oil, washed, 
rinsed and drawn at about 350° F. The author concludes by 
discussing the properties of the case obtained and the operating costs. 

The Salt-Bath Treatment of Metals. W. Nelson and F. D. 
Waterfall. (Journal of the Institution of Production Engineers, 
1938, vol. 17, Dec., pp. 771-774). The authors discuss the ad- 
vantages of hardening by the salt-bath heat-treatment process, 
declaring that the rate of heating is high, the output is equal to that 
of a mufile furnace four times as large and costing four times as much 
as a salt-bath furnace, the heating is uniform and the pyrometer 
indicates the actual temperature of the material, not that of the 
furnace. 

Surface Hardening. (Automobile Engineer, 1939, vol. 29, Jan., 
pp. 16-18). Some recent developments of the Shorter hardening 
process, with particular reference to the surface-hardening of cam- 
shafts and crankshafts, are described. The principle of hardening 
by this process consists of controlled heating by specially designed 
multi-jet oxy-acetylene burners, followed by quenching with jets of 
air or water. Machines are described and illustrated in which long 
lengths of shaft can be hardened to a uniform depth of approxi- 
mately } in. Another machine described is that used for the 
mass-production hardening of the cams, bearings and gear teeth of 
automobile camshafts. 

Oxy-Acetylene Surface Hardening. A. K. Seeman. (American 
Society for Metals, Nov. 4, 1938: Canadian Metals and Metallurg- 
ical Industries, 1938, vol. 1, Nov., pp. 306-307 ; Dec., pp. 329-333). 
After describing the principles of the process of  surface- 
hardening by means of the oxy-acetylene flame, the author 
describes the technique by which both the depth and degree of 
hardness can be varied according to requirements. He then 
discusses the advantages of the process, which include the fact that 
a wide range of steels and cast irons can be treated. In the second 
part of the paper the author describes four methods of flame- 
hardening, which are commonly referred to as the stationary, 
progressive, spinning and combination methods. In the first, both 
the torch and the work are motionless during the treatment ; in the 
second, the flame is made to travel steadily across the surface to be 
treated; in the third, which is generally used for round bars and 
shafting, the work is rotated and the flame kept stationary. In the 
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combination method, which also applies to round bars, the work is 
rotated and the heating nozzles, followed by the quenching nozzle, 
traverse the piece longitudinally. 

Hard-Surfacing Processes and Materials. M. L. Begeman. 
(Mechanical Engineering, 1938, vol. 60, Dec., pp. 931-935). The 
author describes the following processes of producing a hard surface 
on steel: Carburising, nitriding, chapmanising, dry-cyaniding, the 
Ni-Carb process, induction-hardening, flame-hardening, metal- 
spraying and fusion-welding. In conclusion he discusses the 
properties of some of the cemented carbides, which include the 
carbides of tungsten, tantalum, titanium, boron and chromium. 

Chromium-Vanadium Nitriding Steels. KR. I. Mochalkin. 
(Kachestvennaya Stal, 1938, No. 1, pp. 25-30). (In Russian). The 
object of the investigation was to study the possibility of using 
chromium-vanadium and chromium-vanadium-molybdenum steels 
instead of the chromium-aluminium and chromium-aluminium- 
molybdenum steels for nitriding, in view of a number of difficulties 
associated with the production of the aluminium-bearing steels. 
Three chromium-vanadium steels containing about 1-6% of chrom- 
ium and 0-5% of vanadium and a steel containing 1-33°% of chrom- 
ium, 054% of vanadium and 0-70% of molybdenum were investi- 
gated. The mechanical properties after tempering at various 
temperatures, the tendency to temper-brittleness, and the properties 
of the nitrided layer (hardness at various depths and microstructure) 
were determined. The hardness and toughness of the nitrided layer 
on the steels were satisfactory, although the hardness was less than 
that obtainable with chromium-aluminium-molybdenum steels (not 
more than 900 as compared with 1000 Vickers hardness units). It 
was found that the nitriding should be conducted at comparatively 
low temperatures, as the surface hardness tends to decrease with 
rise in temperature, the point of maximum hardness of the nitrided 
layer moving below the surface of the steel. 

Strand Annealing of Stainless Wire. J. K. Findley. (Metal 
Progress, 1938, vol. 34, Dec., pp. 671-673). The author describes 
the batch and the sizand (or continuous) methods of annealing 18/8 
stainless-steel wire. The latter 1.ethod has certain advantages in the 
case of small-diameter wire. In describing the bright strand 
annealing of stainless steel wire from 0-1 in. down to 0-003 in. dia., 
the author states that he has found that passing the wire through a 
comparatively short zone heated to 2200-2250° F. gives the desired 
structure and physical properties. Fine wire can be passed through 
the heated tubes at speeds as high as 200 ft. per min. He concludes 
with a brief description of an electrically heated 14-strand annealing 
furnace with a heating zone 40 in. long, in which 3-in. dia. nickel 
tubes are placed ; a hydrogen atmosphere is maintained inside these 
tubes while the wire passes through them. 
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(Continued from pp. 163 a—167 A) 


Cast Steel or Welding. I. A. Lorenz. (Mechanical Engineering, 
1938, vol. 60, Dec., pp. 943-945). The author discusses some factors 
which influence the decision whether to make a steel part by casting 
or by welding, and shows that welding and casting should be 
considered as complementary branches of industry. 

Metallurgical Aspects of Welding. L. J. Larson. (Metal 
Progress, 1938, vol. 34, Dec., pp. 657-661). The author explains the 
process of the transfer of metal from the electrode to the work in 
electric welding, and discusses the differences in the composition and 
properties of welds made with bare and with covered electrodes. 

The Selection of Welders at the New Psycho-Technical Laboratory 
of the Institute of Autogenous Welding. L. Bloch-Sée. (Bulletin 
de la Société des Ingénieurs Soudeurs, 1938, vol. 9, Aug.-Nov., 
pp. 3264-3286). A description is given of the procedure adopted 
(which includes several psychological tests) to ascertain whether 
applicants should be accepted by the French Institute of Autogenous 
Welding for training as oxy-acetylene welders. 

Weldability of Steel Requires Low Oxygen Content. C. A. 
Liedholm. (Metal Progress, 1939, vol. 35, Jan., pp. 55-58). As it 
was found that steel S.A.E. 6130 (containing chromium 1-0% and 
vanadium 0-18%) did not show consistent welding properties, and 
as orders were received for a quantity of large welded objects made 
of this steel, a “ weldability ” test was devised which the author 
describes in this article. This test consists simply in studying the 
behaviour of the steel while melting a bead across the surface of the 
material to be tested with the atomic hydrogen torch. In this test 
the following criteria form the basis on which the weldability is 
estimated: (1) The continuous or intermittent evolution of gas 
from the metal during fusion’ particularly undesirable. A slight 
agitation from within the molten metal is permissible, provided that it 
does not interfere with the arc or welding flame or cause craters in the 

bead ; (2) the occasional emission of sparks is objectionable if it 
causes interruptions in the welding arc ; (3) any undercutting along 
the edges of the finished bead is undesirable ; and (4) good fluidity is 
considered a favourable factor. 

Single-Pass Electric Welding of Unfired Pressure Vessels. R. M. 
Wallace. (Welding Journal, 1939, vol. 18, Jan., pp. 17-25). The 
author describes an automatic electric-welding machine which is 
capable of making butt welds in steel plates up to 1} in. thick in a 
single pass. He also discusses the structure and chemical and 
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physical properties of the welds made with it, and shows that the 
welds are of uniform quality and easily satisfy the American Society 
of Mechanical Engineer’s code for unfired pressure vessels. 

Production and Properties of Thin-Walled Seam-Welded Tubes. 
H. Cornelius. (Welding Industry, 1939, vol. 6, Jan., pp. 420-422). 
This is a translation of a paper by H. Cornelius and F. Bollenrath 
on the bending-fatigue strength of welded chromium-molybdenum 
steel tubes for aircraft which appeared originally in Luftfahrt- 
forschung, 1937, vol. 14, pp. 520-526. (See Journ. I. and S.I., 1938, 
No. I., p. 75 A). 

The Stelliting of Metals. H.Farcy. (Bulletin de la Société des 
Ingénieurs Soudeurs, 1938, vol. 9, Aug.—Nov., pp. 3248-3257). The 
author describes the process of depositing Stellite (an iron-cobalt- 
chromium-tungsten alloy) on the faces of Diesel-engine valves using 
the oxy-acetylene torch. 

The Soldering and Brazing of Alloy Steels. P. Schafmeister and 
H. Schottky. (Metallwirtschaft, 1939, vol. 18, Jan. 13, pp. 43-47). 
The authors describe the solders, brazing metals and fluxes used and 
the intercrystalline structure and properties of the joints made when 
soldering and brazing alloy steels. 

The Design of Welded Structures. G. Roberts. (Institute of 
Welding, Dec. 8, 1937: Welding Industry, 1939, vol. 6, 
Jan., pp. 435-442). After considering the characteristics of 
welding procedure which affect the design of a welded structure, the 
author explains the principles of design and the calculations he 
employs in the design of beams and columns, plate girders, crane 
girders, lattice girders, rigid frames and bridge floors. 

Low-Weight Freight Cars. E.E.Thum. (Metal Progress, 1939, 
vol. 35, Jan., pp. 36-41). After reviewing the incentives to the 
production of lighter railway wagons in America, the author gives a 
definition of the ideal wagon. He then describes how some of the 
requirements of this ideal wagon have already been met by the use 
of low-alloy, high-strength steels and the adoption of electric welding. 
He refers to the progress made by some of the American manu- 
facturers since 1934, pointing out that 10,000 wagons weighing 5 tons 
less than those of conventional design have already been made at 
competitive prices. 

A Portable Plant for the Electric Flash- Welding of Railroad Rails. 
C. Miklési. (Rumanian Energy Institute, Jan. 1939). The author 
describes a portable rail-welding plant, used on the tramway system 
of Timisoara (Rumania). The welding machine is designed for the 
welding in situ of rails weighing 51:2 kg. perm. It is suspended on 
a crane and can be easily handled. The plant described is operated 
from a single-phase alternating-current system, but it can also be 
used in combination with a motor-generator group, driven either by 
a D.C. electric motor or by a steam engine or an internal-combustion 
engine. Particulars of the electric and hydraulic equipment are 
given. 
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The Strength Properties and Weldability of Thin Sheets of High- 
Strength Structural Steel. H. Cornelius and F. Bollenrath. (Archiv 
fiir das Eisenhiittenwesen, 1939, vol. 12, Jan., pp. 335-338). The 
authors report on the investigation they undertook to determine 
whether unwelded and gas-welded sheets 0-8-1-2 mm. thick of steel 
containing carbon 0:25-0-32%, silicon 0-3-1-:3%, manganese 0-6- 
1-2%, chromium 0-1-1% and molybdenum 0-0-3% had such strength 
and welding properties that the material could be substituted in 
aeroplane construction for a steel containing about 0-25% of carbon, 
1% of chromium and 0-2% of molybdenum. They found that a 
tensile strength of 70 kg. per sq. mm. could be obtained without the 
welds being too hard using two steels containing respectively carbon 
03% and 0-3%, silicon 1-4% and 0-6%, manganese 1-2% and 0-9%, 
chromium nil and 0-6%, and molybdenum 0:25% and 0-2%, 

Welded Joints in Carbon-Molybdenum Piping. R. W. Clark. 
(Welding Journal, 1939, vol. 18, Jan., pp. 37-44). The author 
describes two series of tests of arc-welded joints in steam pipes made 
of steel containing 0-13% of carbon and 0-50% of molybdenum using 
electrodes } in. and 3% in. in dia. also containing 0-50°% of molyb- 
denum. The first series was made to determine: (a) The effect of 
groove design, (b) whether a general chipping of each bead is neces- 
sary, and (c) the value of a recording voltmeter as a means of checking 
the soundness of welded joints. The second series was made to 
determine the residual stresses in joints welded at three different 
temperatures when tested in the “as-welded,” “furnace stress- 
relieved’ and “local stress-relieved”’ condition. The results 
obtained showed that good joints were made with all four types of 
groove used, that general chipping of each bead was not necessary 
and that no defects were found which corresponded with the irregu- 
larities in the graph of the arc voltage. The results of the second 
series of tests demonstrated the beneficial effect of stress-relieving 
either in a furnace or by local heating, although in the latter test the 
length of the specimens was insufficient to give a true picture of the 
residual stresses. The beneficial effect of preheating the tube to 
300-500° F. instead of welding at room temperature was also 
brought out by the test results. 

Investigations of the Tensile-Fatigue Strength of Resistance Butt- 
Welded Joints. R. Malisius and E. Mickel. (Mitteilungen aus den 
Forschungsanstalten des Gutehoffnungshiittekonzerns, 1938, vol. 6, 
Dec., pp. 266-268). The authors report the results of tensile 
fatigue tests on unwelded and resistance butt-welded specimens of 
0-11% carbon mild steel. The test consisted of subjecting the 
specimens to tensile stresses which pulsated between 0-8 and 22 kg. 
per sq. mm. at a frequency of about 3000 per min. The results 
obtained varied greatly, but the minimum fatigue strength of 
any welded specimen was equal to 65% of that of the unwelded 
material, and the authors consider that it is safe to employ this 
class of welding in the manufacture of heavily-stressed machine parts. 
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(Continued from pp. 173 a—186 a) 


The Organisation of Research in Great Britain, especially in the 
Iron and Steel Industry. E.C. Evans. (Stahl und Eisen, 1939, vol. 
59, Jan. 19, pp. 63-68). The author explains the organisation of 
research in Great Britain, the reasons which led to the founding of 
the National Physical Laboratory and the Department of Scientific 
and Industrial Research, how these are linked with private enterprise 
and industry, and how research work is financed. He shows by 
means of tables the objects of the numerous research committees and 
sub-committees which are working for the benefit of the iron and steel 
industry, and concludes by stressing the flexibility of the organisation. 

Research in the Iron and Steel Industry. W. H. Hatfield. 
(Tenth Gluckstein Memorial Lecture : Institute of Chemistry, Dec. 
7, 1938). After making an historical review of the principal achieve- 
ments which mark the progress of iron and steel making from the 
time of the Egyptians up to the invention of the open-hearth and 
electric furnaces, the author refers to some of the early books on the 
subject. From this he goes on to consider the dates of the formation 
of the many scientific societies and the service which these societies 
render to both the industry and the State. He deals next with the 
work of the universities, and passes from this to the organisation and 
activities of the Iron and Steel Industrial Research Council, which 
he discusses at length. He shows that there will always be scope for 
research both by corporate bodies and by individuals. He con- 
cludes with an account of the investigation of the intercrystalline 
corrosion of 18/8 chromium-nickel steel and the discovery of the 
heat treatment which prevents this phenomenon from occurring. 
This investigation is an example of a case in which the desired result 
was achieved by means other than those anticipated. It is this 
possibility of a quite unexpected result which gives an added 
interest to scientific investigation. 

On the Origin of the Yield-Point Phenomena of Soft Steel. M. 
Kuroda. (Scientific Papers of the Institute of Physical and Chemical 
Research, Tokyo, 1938, vol. 34, Oct., Part III., pp. 1528-1633). 
The author describes his investigation of the yield-point phenomena 
of mild steel under tensile stress. He reproduces cuts of cinemato- 
graph films showing the formation and distribution of the Liiders 
lines, and studies the relationship between these lines and the stress- 
strain diagram. He shows that the first appearance of Liiders lines 
on the specimen coincides with the beginning of the horizontal 
portion of the stress-strain diagram. His investigation includes a 
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study of the elongation of steel at various temperatures in the 
tempered as well as in the annealed state, and the movement in the 
crystalline structure up to the moment of fracture. In conclusion 
he explains the theory of the phenomena he has observed. 

The Effect of the Speed of Stretching and the Rate of Loading on 
the Yielding of Mild Steel. E. A. Davis. (Journal of Applied 
Mechanics, 1938, vol. 5, Dec., pp. A-137-a-140). The author 
describes his investigation of the effect of the rate of loading on the 
elongation of mild steel. He used a machine which was designed so 
that the amount of increase in load per unit of time could be kept 
constant irrespective of the rate of increase in the strain, and he ex- 
amined four different shapes of specimen. He found that in a test 
in which the rate of elongation was kept constant, an upper yield 
point was obtained when the stress concentration arising from the 
shape of the test specimen was less than that caused by local yielding. 
When no upper yield point was obtained, the stress concentration 
arising from the shape was greater than that caused by the local 
yielding. He also discusses a number of stress-strain diagrams 
drawn from data obtained in the above machine. 

Utility and Non-Standard Impact Testing. S. Tour. (American 
Society for Testing Materials, Symposium on Impact Testing, 
June, 1938, pp. 25-36). The author distinguishes between the 
science and the art of impact testing, declaring that the former has 
to do with the details of the test itself and the significance of the 
data obtained, whilst the latter covers the application of all forms of 
impact testing for industrial purposes. He gives examples of the 
utility of non-standard types of impact test for a variety of ferrous 
and non-ferrous materials, and suggests that it is better to adapt 
standard machines than to devise entirely new machines. He also 
discusses economies in testing, such as the use of round instead of 
rectangular specimens, and the cutting of notches with a lathe 
instead of with a milling cutter. 

Some Considerations on the Impact Testing Problem. N. 
Davidenkoff. (American Society for Testing Materials, Symposium 
on Impact Testing, June, 1938, pp. 135-139). In this mathematical 
discussion the author explains the use of a “ brittleness factor ” in 
relation to the “safety factor.” If, for example, a part for a machine 
is being tested dynamically over a range of temperatures, a critical 
point is reached at which the impact value suddenly drops ; then the 
‘brittleness factor” is the ratio of the difference between the 
critical temperature and the temperature at which the part will 
operate in service, to the service temperature. 

Notched-Bar Testing and Impact Testing. S.L. Hoyt. (Ameri- 
can Society for Testing Materials, Symposium on Impact Testing, 
June, 1938, pp. 162-177). The author distinguishes between the 
testing of the ‘“‘ notch-sensitivity ” of a steel, which will reveal the 
extent to which a steel is capable of retaining its ductility when 
notched, and the “ velocity-sensitivity ’ of a steel, as revealed by 
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impact testing, which shows its ability to deform suddenly and 
rapidly. He discusses the application of the two kinds of test to 
establish the cause of failures in service, as well as the causes of 
high notch-sensitivity and low velocity-sensitivity in steels. 

Uniformity in the Formation of Fractures. A. Thum. (Zeit- 
schrift des Vereines deutscher Ingenieure, 1939, vol. 83, Jan. 14, 
pp. 63-64). The author discusses the theoretical considerations 
governing the shape of the fracture produced in steel specimens 
broken in tensile, torsional and fatigue tests. 

The Principles of Photo-Elasticity and its Application to the Testing 
of Materials, to Metallurgy and to Engineering. P. Laurent and A. 
Popoff. (Revue de Métallurgie, Mémoires, 1938, vol. 35, Aug., pp. 
363-378 ; Sept., pp. 407-424; Oct., pp. 448-473). In this paper on 
the theory and practice of photoelasticity the authors devote the 
first two chapters to a mathematical discussion of the principles of 
elasticity and optics. In the third chapter they discuss the photo- 
metric method of measuring elasticity, and in the fourth and conclud- 
ing chapter they review the work of other investigators of the subject. 

Typical Failures of Still Tubes in Refineries. E.C. Wright and 
H. Habart. (Metal Progress, 1938, vol. 34, Dec., pp. 685-688). 
Continuation of a previous paper. (See p. 1744). In the second 
part of this paper the author considers some cases of the failure of 
5% chromium and of 18/8 stainless steel tubes in the stills of oil 
refineries. In most instances the ruptures are traceable to inter- 
granular failure originating either on the inside or the outside from 
intergranular corrosion. 

Intercrystalline Cracking in Boiler Plates. C.H.Desch. (North- 
East Coast Institution of Engineers and Shipbuilders, Jan. 20, 1939). 
In this discussion of a type of cracking in steam _ boilers 
characterised by the spreading of cracks in riveted seams between 
and around the rivets, the author shows that it is of an inter- 
crystalline nature, and thus differs from cracks caused by fatigue 
or corrosion. This cracking occurs only where it is possible for the 
feed-water to reach a high degree of alkalinity in capillary spaces. It 
is not observed in seamless drums. The author reviews the literature 
on the subject and describes some experiments at the National 
Physical Laboratory, where the effects of prolonged and alternating 
stresses, the condition of the steel, intermittent loading and the 
nature of the solution were separately investigated. He concludes 
with an explanation of the beneficial effect of sodium sulphate. 

Simultaneous Effects of Corrosion and Abrupt Changes in Section 
on the Fatigue Strength of Steel. T.J. Dolan. (Journal of Applied 
Mechanics, 1938, vol. 5, Dec., pp. A-141-a-148). The author dis- 
cusses the results he obtained from a series of tests of the torsional 
and bending fatigue strength in air and under a stream of tap water 
of American S8.A.E. 3140 steel. He ascertained the effects of abrupt 
changes in section of specimens in the as-rolled condition as well as 
after heat treatment. He found that specimens tested in water 
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had a lower fatigue strength than those tested in air, and that the 
difference was, generally speaking, more marked in specimens that 
had been tempered and quenched, and was also greater for specimens 
with holes than for those with fillets. The data obtained also 
indicated that in the case of this steel the decrease in the fatigue 
strength caused by the action of the water was much greater under 
reversed cycles of bending stress than under reversed cycles of 
torsional stress. 

Hardness Factors. W. Conley and D. E. Roda. (Steel, 1938, 
vol. 103, Dec. 12, pp. 56-58). The authors discuss variations in the 
hardness of heat-treated parts made from strip steel blanks with 
special reference to the carbon and manganese contents and to the 
effect of mass on the hardenability. ‘They reproduce graphs showing 
the effect of variations in these factors on the Rockwell hardness 
numbers. 

Investigation of the Reduction of the Pickling-Brittleness of 
Extra-Mild Steel Standing in Air, in Water and in a Vacuum. P. 
Bastien. (Comptes Rendus, 1939, vol. 208, p. 105). By testing 
specimens of 2-mm. dia. extra-mild steel wire (carbon 0-065%) 
some of which had been pickled in aqueous media and others in 
acids of different concentrations, the author established that the 
longer the immersion in the pickling solution, the longer it took 
for the steel to lose its brittleness, and that the rate of recovery 
was slowest in air, more rapid in water and most rapid in a vacuum. 

Frictional Wear Tests of Lubricated Surfaces. C. J. Coberly and 
F. M. Arnold. (Transactions of the American Society for Metals, 
1938, vol. 26, Dec., pp. 1064-1083). The authors describe the 
machine used and the procedure for the rapid determination of the 
frictional wear of lubricated metal surfaces. In this machine the 
test blocks, which have been lapped until they are optically flat, are 
rubbed against each other under loads of up to 4000 lb. per sq. in. 
with a reciprocating motion for a given time in an oil bath. The 
amount of wear which has taken place after a few hours is measured 
by means of the refraction pattern produced between the worn 
surface and an optical test plane. An electric gauge and the 
profilograph are employed as supplementary methods of measuring 
the wear. Some examples of the profilographs obtained are repro- 
duced, and a table gives the Rockwell hardness numbers of the alloys 
and materials tested. The comparative lubricating values of a few 
light refined oils were also obtained. 

Wear Resistance of Cast Iron and Malleable Iron. W. West and 
C. C. Hodgson. (Foundry Trade Journal, 1939, vol. 60, Jan. 5, 
pp. 3-5). The authors survey the cast irons which have a high 
resistance to wear, concerning themselves mainly with material 
suitable for parts of internal-combustion engines. ‘They discuss the 
ranges of carbon and silicon contents required to produce white and 
grey iron, and point out the need for further research into the 
possibility of producing castings of iron containing 1-7-2:5% of 
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carbon and less than 1-5% of silicon, which is a field which has 
received little attention. They consider the theory that it is possible, 
by the distribution of a large number of nuclei within the bulk of the 
molten metal, to produce a correspondingly large number of graphite 
flakes which will be of much smaller dimensions than usual; with 
the addition of a graphitiser the graphitic carbon is thrown out and 
commences to form round these nuclei. Such iron is known as 
“inoculated ” iron. They discuss next the properties of Meehanite, 
Ni-Tensyl and other inoculated irons, and proceed from this to 
describe super-cooled graphite iron and its characteristics. In 
making this iron a predetermined quantity of ferro-silicon-titanium 
is added. It is thought that this causes the slag particles to be 
covered with a layer of titanium-bearing slag. This effect creates a 
condition such that the molten slag particles cease to act as nuclei, 
with the result that the carbon remains in solution for a longer period, 
and is precipitated at a lower temperature than usual in a very 
finely-divided state. Next they consider some tests which led to the 
use of cylinder liners made of a high-phosphorus iron. In conclusion 
the casting properties, the effects of heat treatment and the applica- 
tions of whiteheart and blackheart malleable iron are dealt with. 

Magnetic Torque Studies of the Texture of Cold-Rolled and of 
Recrystallized Iron-Silicon Alloys. L. P. Tarasov. (American 
Institute of Mining and Metallurgical Engineers, Technical Publica- 
tion No. 1012; Metals Technology, 1939, vol. 6, Jan.). It is well 
* known that single crystals of magnetic substances are anisotropic to 
magnetism, and that such a crystal when in a magnetic field will tend 
to rotate until the direction in which it is most easily magnetised is 
parallel to the direction of the field. In this paper the author 
describes his investigation of the magnetic properties of cold-rolled 
and annealed iron-silicon alloys. He discusses the effects of different 
degrees of cold-reduction and of different annealing temperatures on 
the magnetic properties, and compares the results with those obtained 
by means of X-rays. 

Some Polarisation Phenomena in Magnetic Materials, with 
Special Reference to Nickel-Iron Alloys. T. A. Ledward. (Journal 
of the Institution of Electrical Engineers, 1939, vol. 84, Jan., pp. 
113-127). The author presents a report on his investigation of the 
causes of residual polarisation in Mumetal, Permalloy “C” and 
“Stalloy ”’ rings. He produces curves showing the amount of 
polarising flux removed by different values of alternating magnetising 
force, starting with a known value of residual flux. He shows that 
in the case of Mumetal the curves are different when the residual flux 
is caused by switching off alternating and direct current respectively. 
He finds that strong polarisation occurs, both in nickel-iron and in 
silicon-steel cores, under conditions in which capacitance loading of 
the secondary winding produces resonance with even harmonics, pro- 
vided that a small initial polarisation is present. Polarisation can also 
be caused by the presence of even harmonicsinthe magnetising current. 
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Tungsten Magnet Steel. V. Erakhtin. (Stal, 1938, No. 6, pp. 
39-43). (In Russian). Four steels containing about 0-75% of 
carbon, 55% of tungsten and 0-29-0-63% of chromium were used 
to study the influence of several factors, in particular the chromium 
content, on the optimum heat-treatment and quenching conditions. 
It was found that the rates of quenching had to be varied to suit the 
chromium content in order to obtain the best magnetic properties ; 
alternatively, the chromium content had to be chosen to suit the 
cross-section being quenched. An increase in the chromium content 
made the steel more liable to crack on quenching. The maximum 
deterioration of the magnetic properties occurs at 750° C., and is 
due to precipitation of the carbides. This temperature is near to the 
critical point. Spoilt steel can be corrected by heating to 1180- 
1200° C. for 5 min. and cooling in air. Hot-working should be 
done at 680-700° C. and should be effected as quickly as possible. 

Steel with 1:5° of Chromium for Permanent Magnets. V. A. 
Erakhtin. (Kachestvennaya Stal, 1938, No. 2, pp. 26-28). (In 
Russian). An investigation was made into the effect of temperature 
on the precipitation of carbides, which phenomenon is apparently 
responsible for the deleterious effect which heat treatment at certain 
temperatures has on the magnetic properties. Subsequently, the 
methods of improving steel in which the carbides had been precipi- 
tated, the effect of quenching temperature, the machinability of the 
steel at elevated temperatures and its Brinell hardness at different 
elevated temperatures, both before and after tempering, were 
studied. It was concluded that the optimum combination of coer- 
cive force and residual induction with at the same time maximum 
magnetic energy were obtained by quenching in oil from 850° C. 
Heat treatment such as tempering or annealing, as well as heating 
for the purpose of working the steel, caused precipitation of the 
carbides, and it is therefore necessary before the final quenching to 
hold the steel at 1050-1100° C. for 5 min. and cool in air. Under 
optimum conditions, the steel will have a coercive force >58 oersted 
and a residual induction >900 gauss. 

Composition and Treatment of Martensitic Steels for Permanent 
Magnets. V. Mes’kin and B. Somin. (Stal, 1938, No. 6, pp. 
32-38). (In Russian). The object of the investigation was to study 
the possibility of improving the magnetic properties of chromium- 
bearing steel by adopting a suitable heat treatment, by changes in 
the carbon and chromium contents, by alloying with titanium (in the 
absence of chromium) and by additions of copper. In the course of 
their investigation, the authors showed that the magnetic properties 
of martensitic steels containing an excess of carbides depend (apart 
from quenching conditions) on the state of these carbides. Controlled 
tempering prior to the final quenching of the heat-treated material 
resulted in a gradual change in the properties of the martensite, 
the coercive force passing through a maximum, the latter pre- 
sumably being characterised by a critical degree of dispersion. By 
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utilising this ‘‘ dispersion-hardening of the martensite” a plain 
carbon steel with 1-27% of carbon had a remanence of 9500 gauss 
and a coercive force of 72 oersted (after ageing by boiling for 11 hr.), 
i.€., properties equivalent to those of chromium-bearing steel. ‘“‘ Dis- 
persion hardening’ treatment also gave excellent results when 
applied to chromium and chromium-silicon steels. Finally, the 
authors conclude that the deterioration of magnetic properties in 
permanent magnet steels as a result of certain heat treatments is due 
to the coagulation of the precipitated excess carbides. 

The Evaluation of Time-Elongation Curves by Different Methods 
to Determine the Creep Limit and a Comparison of the Results with 
those of Long Time Tests. A. Pomp and A. Krisch. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, 
No. 19, pp. 247-263). This is a reproduction of an article entitled 
‘* Various Methods of Determining the Creep Limit ” which appeared 
in Archiv fiir das Eisenhiittenwesen, 1938, vol. 12, Oct., pp. 199-206. 
(See p. 44 A). 

Mechanical Properties and Creep Resistance of Steels for Synthetic 
Ammonia Plant. N. A. Minkervich and A. J. Borzdyka. (Kachest- 
vennaya Stal, 1938, No. 1, pp. 8-18). (In Russian). The authors 
describe part of an extensive research programme carried out at the 
Moscow Steel Institute to determine the composition of a steel 
suitable for the construction of plant for producing synthetic 
ammonia. They present the results of mechanical tests at ordinary 
and at elevated temperatures, of creep and of scaling tests on two 
chromium-molybdenum steels (chromium 2-58% and 5-56%; 
molybdenum 0-28% and 0-46%, respectively), a chromium-molyb- 
denum-vanadium steel (chromium 5-02%, molybdenum 0-50%, 
vanadium 0-22%), a chromium-titanium steel (chromium 2-42%, 
titanium 1-:38%) and on a chromium-copper steel (chromium 
138%, copper 055%). They also made preliminary tests to estab- 
lish the optimum quenching and tempering temperatures and studied 
the microstructures. They also present graphs showing the 
tensile strength and impact resistance of these steels at temperatures 
up to 600° C. The steels were also subjected to torsional creep tests 
at 400° C. and 500° C. for periods up to 50 hr. The authors are of 
the opinion that the torsional creep test gives the best indication of 
the suitability of a material for the manufacture of converters and 
tubes which are to be subjected to high temperatures and pressures. 
The chromium-titanium steel showed the highest creep strength and 
resistance to scaling, but the authors consider that its impact strength 
could be raised by slightly reducing the titanium content, which 
should not exceed 1%. 

Inclusions and Gases in Steel. F. F. Franklin. (Blast Furnace 
and Steel Plant, 1938, vol. 26, Nov., pp. 1081-1084, 1096). This 
review of the literature on solid and gaseous inclusions in steel 
appeared in Heat Treating and Forging, 1938, vol. 24, Nov., pp. 
543-546, 553. (See p. 180 a). 
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Lead in Cast Iron. H. Bruhn. (Dissertation, Technische 
Hochschule zu Aachen). The author describes the investigation 
he carried out at a chilled-roll foundry to determine the effect 
of the addition of a small quantity of lead upon the pro- 
perties of chilled cast iron. The first test was made by adding 
0-01% of lead to two melts of iron containing 2-4% and 3-75% of 
carbon, respectively. No definite relationship could be established 
between the depth of chill and the addition of lead. A series of bend 
and tensile tests on specimens with and without lead and with 
different carbon contents was undertaken next. A comparison of 
the graphs drawn from the data thus obtained showed that, com- 
mencing with 25% of carbon, the bend strength of the lead-bearing 
iron was considerably less than that of the lead-free iron, but the 
strength increased as the carbon increased up to 3-2%, above which 
point the bend-strength curves almost coincided. A similar relation- 
ship was found to exist with regard to the tensile strength, the 
critical content of carbon in this case being about 2-°9%. A number 
of wear tests were also carried out. In conclusion the author dis- 
cusses the influence of lead upon the stability of submicroscopic 
non-metallic inclusions in iron and on the process of solidification. 

The Effect of Some Non-Ferrous Constituents on the Mechanical 
Properties of Blackheart MalleableIron. I’. Briigger. (Dissertation, 
Technische Hochschule zu Aachen). This paper has appeared 
previously in Technische Mitteilungen Krupp, Forschungsberichte, 
1938, July, pp. 121-138. (See Journ. I. and §.I., 1938, No. IL, 
p. 322 a). 

Alloy Cast Iron. T. Shanks. (Foundry Trade Journal, 1939, 
vol. 60, Jan. 26, pp. 102, 104). The author considers the effects 
which the elements carbon, silicon, phosphorus, manganese, sulphur, 
chromium, nickel, molybdenum and copper have upon the structure 
and physical properties of cast iron. 

The Growth of Cast Iron and its Prevention. J. D. Morgan. 
(Metallurgia, 1939, vol. 19, Jan., pp. 85-86). The author discusses five 
factors which influence the growth of cast iron. These are (a) the 
temperature, (b) the size, amount and distribution of the graphite, 


(c) the resistance of the metal to oxidation, (d) its strength and 


ductility at high temperatures, and (e) the stability of the carbides. 
He describes how these factors can be controlled to some extent by 
the casting technique and the addition of alloying elements. 
Ni-Hard in the Gas Industry. (Nickel Bulletin, 1939, vol. 12, 
Jan., pp. 1-4). Some examples are given with illustrations of the 
use of Ni-Hard alloy (containing nickel 4-5% and chromium 
1-5-2-0%) for coke crushers, impellers in coal-washery pumps and 
other parts of the plant and machinery used in the gas industry. 
Cast Iron in Engineering Construction. J.L. Francis. (Iron and 
Steel Industry, 1938, vol. 12, Nov., pp. 181-184; Dec., pp. 207-209; 
1939, Jan., pp. 255-260). Continuation of a series of articles. (See 
p. 54). In Part VI. of this series the author considers the wear of 
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cast iron as measured by the brake-shoe test and the blunt drill test, 
and the corrosion of cast-iron pipes in oil refineries and by sulphuric 
acid. In Part VII. the author continues his discussion of the 
resistance of cast iron to chemical attack, showing that it is specially 
useful to industries employing alkaline liquids or lyes. Turning next 
to machinability, he shows how variations in the graphitic carbon 
content and other constituents affect this property. Continuing his 
discussion of the machining properties of cast iron in Part VIIT. the 
author considers separately the relationship between the silicon and 
phosphorus contents and the cutting speeds. He concludes this 
part of the series with a consideration of the technique of the produc- 
tion of chilled castings and the determination of their hardness by 
the Brinell and the scleroscope methods. 

Produces High-Strength Iron. G. A. Timmons, V. A. Crosby 
and A. J. Herzig. (Foundry, 1938, vol. 66, Dec., pp. 28-30, 75-76 ; 
1939, vol. 67, Jan., pp. 30-31, 86-88). The authors consider the 
three following factors and their relation to the production of cast 
iron having a tensile strength in excess of 60,000 Ib. per sq. in. : 
(a2) Adjustment of the carbon/silicon ratio so as to produce an iron 
containing little graphitic carbon without producing ferrite or 
carbide ; (6) the addition of graphitisers in the later stages of the 
process to control the graphite distribution, flake size and shape ; 
and (c) the introduction of alloys to assist further in balancing 
the iron, to strengthen the matrix and to control the rate of the 
transformation reaction. They make special reference to the effect 
of the addition of 1% of molybdenum with and without 1% of 
nickel on the mechanical properties. 

Malleable Iron Castings. E. Touceda and J. H. Lansing. 
(Mechanical Engineering, 1938, vol. 60, Dec., pp. 946-948). The 
authors compare the properties called for in a malleable iron speci- 
fication of 1904 with those laid down in the 1924 specification of the 
American Society for Testing Materials, and discuss the advantages 
which this material now has to offer the engineer. 

High-Strength Grey Iron. A. C. Denison. (Mechanical En- 
gineering, 1938, vol. 60, Dec., pp. 945-946). The author discusses 
some of the properties and applications of high-strength grey iron 
with special reference to its damping capacity. 

Relationship between the Mechanical Properties and Results in 
Service. L. W. Schuster. (Metallurgia, 1938, vol. 19, Nov., pp. 
25-28: Dec., pp. 51-54; 1939, Jan., pp. 91-96: Heat Treating 
and Forging, 1938, vol. 24, Dec., pp. 616-619). The author con- 
siders the value of the data relating to the tensile strength, yield 
point, limit of proportionality, ductility, deformation by bending 
and the fatigue strength of a steel when estimating the life 
that it will give in a particular service. In his opinion one of the 
most useful properties of a material for resisting severe service con- 
ditions is its capacity for yielding without appreciable increase in 
the stress. A material giving a well-marked yield point at which 
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there is appreciable strain, such as a mild steel, is probably the most 
suitable for withstanding rigorous service. Bearing this in mind, the 
ideal is that a fatigue or a bend test should be made on a notched 
specimen, either test being carried out up to the point of first failure 
and then discontinued, for such tests give information on the 
capacity of a material to accommodate itself to stress concentration 
at a discontinuity. He then considers the Izod test, and points out 
that when a crack has once started in a steel with a high Izod value, it 
spreads comparatively slowly, but if the Izod value were low, a crack 
once started would spread rapidly. He considers next some failures 
caused by stresses set up in welding, and others caused by corrosion 
and by torsional vibration, and in conclusion explains the cause of 
brittleness of certain wrought irons and mild steels after being 
used at high temperatures for long periods. 

Quality Control of Steel. KR. F. Bisbee. (Iron Age, 1938, vol. 
142, Dec. 29, pp. 20-22). The author describes the system developed 
by the Westinghouse Electric and Manufacturing Co., Mansfield, 
Ohio, for checking the quality of steel sheets received from their raw- 
material suppliers. Steel for deep-drawing has to pass a cup test on 
an Olsen machine, a Rockwell hardness test and an elongation test. 
To determine whether the surface is in the correct condition for 
painting, photomicrographs at 30 diameters are taken and compared 
with a range of standard photomicrographs. An adherence test and 
a sag test for sheets which are to be enamelled are also described ; 
in the latter, strips 11 in. by 24 in. are placed across }-in. bars 
9 in. apart and heated up to 1580° F., at which temperature they 
are kept for 10 min.; they are then removed from the furnace and 
allowed to cool, and the amount of sag from the horizontal is then 
measured. 

Iron and Steel Developments in Stainless Types, Flame Treatment, 
Graphitic Steel, Castings and Furnace Atmospheres. R. 8. Williams 
and I. 8. Zavarine. (Mining and Metallurgy, 1939, vol. 20, Jan., 
pp. 39-43). The authors review some of the developments in the 
metallurgy of iron and steel which have been successfully applied in 
commercial production during the last few years. They refer in 
particular to the addition of about 3°% of molybdenum to stainless 
steels to prevent “ pinhole ” corrosion, the use of the oxy-acetylene 
flame both for hardening and for softening steel surfaces, the wide 
range of tensile strength and hardness which can be imparted to steel 
containing about 1-5% of total carbon and 1% of silicon by adjusting 
the heat treatment, the use of castings instead of forgings for crank- 
shafts, and finally, the control of the atmosphere in annealing furnaces. 

Trends in the Development of Alloy Steels. E. Houdremont. 
(Stahl und Eisen, 1939, vol. 59, Jan. 5, pp. 1-8; Jan. 12, pp. 33-39). 
The author discusses how the relationship between laboratory tests 
and service results has influenced the development of alloy steels. 
With regard to structural steels, it is impossible, because of the time, 
cost and risk involved, to work on the basis of results in service, and 
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development in this sphere therefore depends mainly upon laboratory 
tests, which do not always reproduce service conditions. With tool 
steels, on the other hand, a test in the laboratory or the workshop 
can be completed in a short time, and from the results the life of a 
tool in actual service can be accurately foretold. The development 
of stainless steels depends almost exclusively upon laboratory 
investigations, for only in a few borderline cases is it necessary to 
undertake service tests. The same applies also to non-scaling and 
heat-resisting steels. In conclusion the author considers the 
development of steels possessing special physical (e.g., magnetic) 
properties, and stresses the need for continued scientific investigation. 

The Standardisation of Stainless Alloys. L. 8. Bergen. (Heat 
Treating and Forging, 1938, vol. 24, Dec., pp. 609-611). The 
author, representing a group of six prominent American metallur- 
gists, puts forward proposals for a revised standard classification of 
the corrosion- and heat-resisting steels. 

Statistical Investigation of Four Chromium-Nickel and Chromium- 
Nickel-Tungsten Nitriding and Heat-Treatable Steels. V. A. Erakh- 
tin. (Kachestvennaya Stal, 1938, No. 1, pp. 42-44). (In Russian). 
Two chromium-nickel steels (0-55-0-90% and 1-2-1-6% of chromium 
and 2-8-3-4% and 3-0-3-7% of nickel, respectively) and a chromium- 
nickel-tungsten steel (1-3-1-7% of chromium, 4:0-4:7% of nickel 
and 0-8-1-2°% of tungsten) are considered. The data presented are 
in all cases based on tests on 100-150 heats of these steels, and they 
have been used to determine the effect on the mechanical properties 
of the grain size, the number of non-metallic inclusions, the carbon 
content and the tempering temperature. The relationship between 
— mechanical properties of each of the steels was also 
studied. 

The Use of the Heat-Resisting Metals Molybdenum and Tungsten 
in Electric High-Temperature Furnaces. J. Michel. (Chimie et 
Industrie, 1938, vol. 40, Dec., pp. 1060-1065). The author discusses 
the composition and design of the resistances used in small electric 
furnaces at temperatures up to 1900° C. in laboratories, with parti- 
cular reference to carbon filaments and alloys containing molyb- 
denum, tungsten or chromium. 

The Use of Substitute Low-Alloy Steels at the Stalingrad Tractor 
Works. M. P. Braun. (Kachestvennaya Stal, 1938, No. 2, pp. 
5-8). (In Russian). The author studied the properties of and 
suitable heat treatments for six low-alloy case-hardening and non- 
case-hardening steels containing small additions of chromium, 
manganese, silicon and copper. The properties of these steels and 
of the parts made of them (such as driving-pinions, gears and inlet 
valves) have shown that they may be regarded as substitutes for 
the chromium-nickel alloy steels. In one instance gear-wheels made 
of chromium-manganese-silicon-copper steel were found to have 
a greater wear resistance than similar gears made of chromium- 
nickel steel. 
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Steelsfor Rollers. E.Chéron. (Bulletin de la Société Industrielle 
de Rouen, 1938, vol. 66, Mar.—Apr., pp. 131-138). The author 
discusses the microstructure, properties and heat treatment of the 
chromium steel used for the manufacture of rollers and balls for 
bearings. 

Rail Corrugations. W. Hobson. (Metals and Alloys, 1938, 
vol. 9, Dec., pp. 340-342). The author refutes the theory that the 
closely spaced corrugations visible on the surface of rails are caused 
by the unbalanced action of wheels or by the vibration of rolling- 
stock, and advances the theory that the primary cause is the wear in 
the wobblers of the finishing stand at the mill where the rails are 
produced. When the rolls wear they are turned down, and the 
smaller diameter necessitates their centres being changed ; the ends 
of the spindles must be relieved to allow for this, and as wear 
develops in the wobblers and coupling-boxes, slack will also develop 
in the drive. The author’s theory is that the sequence of cause and 
effect will be that the slack produced by worn wobblers causes periodic 
vibrations in the torque on the rolls, and periodic slipping of the rolls 
on the rail-head ensues, with a corresponding variation in the 
properties of the surface ; the coefficient of friction in particular will 
vary along the surface, and the slipping of the driving-wheels will 
produce different degrees of wear resulting in the corrugations. In 
conclusion he suggests that this theory could be tested by rolling 
rails in two mills which differ only in that one has a three-prong and 
the other a four-prong wobbler, and then making a hardness survey 
after a period of service. The pitch of the hard spots on the rails 
from the latter mill would be three-quarters of that on rails from 
the former mill if his theory were correct. 

On the Sintering of Metals. W. Baukloh and G. Henke. (Metall- 
wirtschaft, 1939, vol. 18, Jan. 20, pp. 59-61). The authors describe 
a series of experiments undertaken to test the sintering properties of 
different metallic powders, and the effect of the composition of the 
furnace atmosphere during the sintering process. In many cases 
they found that sintering in a vacuum was better than using either 
hydrogen or nitrogen. 
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New Processes for the Microscopic Investigation of Metals. F. 
Roll. (Giesserei, 1939, vol. 26, Jan. 13, pp. 1-8). After discussing 
the limits of magnification of the ordinary and the electron micro- 
scopes and the principles of the latter, the author describes the 
examination of the structure of metals using polarised light, the use 
of diffused light for showing colour distinctions and the use of the 
microscope with visible fluorescent light. He presents a table showing 
the shapes of the non-metallic inclusions and metallic structures 
which appear in a study of iron and steel. He discusses next micro- 
hardness testing by which the hardness of individual crystals can be 
determined, and in conclusion mentions some of the false deductions 
which can be made from badly polished specimens, or as a result of 
incorrect adjustment of the lenses. 

Notes on Etching Inoxidizable Steels. J.A.Veré. (Publications 
of the Department of Mining and Metallurgy of the Royal Hungarian 
Palatine-Joseph University of Technical and Economic Sciences, 
1938, vol. 10, Part I., pp. 183-190). The author gives an account of 
his investigation of reagents suitable for etching austenitic acid- and 
heat-resisting steels. The two most suitable methods found were : 
(a) Anodic etching in 10% oxalic acid, and (6) the use of an alcoholic 
hydrochloric-acid/cupric-chloride solution. The former is very 
useful for austenitic steels containing a high percentage of chromium, 
and the latter can be used for ferritic and martensitic steels and 
those containing less than 15% of chromium. 

Special Methods for Polishing Metal Specimens for Metallo- 
graphic Examination. D. Beregekoff and W. D. Forgeng. (Ameri- 
can Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 992; Metals Technology, 1939, vol. 6, Jan.). The 
authors describe some special methods in use at the Union Carbide 
and Carbon Research Laboratories for polishing specimens for 
different purposes, such as the retention of graphite in malleable 
and grey cast irons, the preservation of non-metallic inclusions in 
hard and soft steels, the obtaining of scratch-free surfaces on soft 
metals and the obtaining of flat surfaces on very hard materials 
such as Stellite and tungsten carbide alloys. 

Contribution to the Theory of the Measurement of Elastic Stresses 
in Materials with the Aid of X-Ray Interference Lines. E. Schiebold. 
(Berg- und Hiittenmannische Monatshefte der Montanistischen 
Hochschule in Leoben, 1938, vol. 86, Dec., pp. 278-295). The 
author presents a mathematical discussion which provides a qualita- 
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tive and quantitative explanation of the theory formed from Regler 
and Lihl’s observations of the width of X-ray interference lines when 
studying the elastic and plastic deformation of metals. 

The X-Ray Determination of the Stresses in Specimens of Un- 
alloyed Steel in Tensile Tests at Above the Yield Point. I. Bollenrath, 
V. Hauk and E. Osswald. (Zeitschrift des Vereines deutscher 
Ingenieure, 1939, vol. 83, Feb. 4, pp. 129-132). It has been observed 
that when specimens of unalloyed steel are in tension at above the 
yield point, the stresses are unevenly distributed across the cross- 
section. In this paper the authors describe an investigation by means 
of X-rays of the stresses in three specimens of steel containing 
carbon 0-11%, manganese 0-5%, silicon 0-10%, and phosphorus 
and sulphur each 0-04%. The specimens were square in section 
and were annealed and tested to see that no stresses existed before 
the tensile test commenced. They found that as soon as the upper 
yield point was exceeded the stress distribution became irregular, 
and after removal of the load there were residual compressive stress 
in the outer portion of the bar, and residual tensile stresses in the core. 

The Metallographic Differentiation of Sand, Furnace Slag, and 
Shrinkage Defects in Cast Iron. H. Morrogh. (Bulletin of the 
British Cast Iron Research Association, 1939, vol. 5, Jan., pp. 295- 
296). The author describes the characteristics visible under the 
microscopie which enable a metallurgist to determine whether 
defects in cast iron are due to inclusions of sand from the mould, 
to slag inclusions, or to cavities caused by shrinkage. He repro- 
duces some micrographs which illustrate these defects. 

Relationship between the Non-Metallic Inclusions and the Grain 
Size of Steel. (Stahl und Eisen, 1939, vol. 59, Feb. 2, p. 127). A 
brief report is presented on an investigation by K. Kowrajssky, 
who examined the relationship between the number of non-metallic 
inclusions and the size of the austenite grains. The specimens 
examined were taken from 23 melts of acid open-hearth steel con- 
taining carbon 0-31-0-60%, manganese 0-68-1-38%, phosphorus 
0-027-0-063% and sulphur 0-023-0-049%. The inclusions were 
classified into four groups according to their size. It was found 
that there was no relationship between the grain size and the 
number of larger inclusions as defined by the first two groups, but 
that the grain size increased with increasing numbers of the smaller 
inclusions. 

The Occurrence of Ferrite Spots in Heavy Sections of Structural 
Steel St 52. O. Werner. (Archiv fiir das Eisenhiittenwesen, 1939, 
vol. 12, Jan., p. 349). The author found that the presence of spots 
of ferrite at the centre of heavy sections of German structural steel 
St 52 was due to segregation, and that a uniform structure could be 
obtained by annealing at 1150° C. for 24 hr. 

Fundamental Principles of Steel-Wire Metallurgy. B. L. 
McCarthy. (American Wire Association, Oct., 1938: Wire and 
Wire Products, 1938, vol. 13, Nov., pp. 655-662; Dec., pp. 711- 
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721, 750; 1939, vol. 14, Jan., pp. 17-25, 79-81). In the first 
part of this series the author explains the atomic theory, the arrange- 
ment of atoms and crystals and the forces which cause these arrange- 
ments. He applies these theories to the examination of the crystal- 
line structure of iron and its alloys, and from this proceeds (in 
Part II.) to an explanation of the iron-carbon diagram, the iron/iron- 
carbide portion of which is reproduced. He considers next the 
influence of rapid heating and cooling and illustrates the various 
structures produced by means of micrographs, and concludes this 
part by describing the McQuaid-Ehn grain-size test and the control of 
the grain size by heat treatment and by hot- and cold-working. 
In Part III. the author explains the effect of cold-reduction upon 
steel by explaining the theory of slip with reference to the atomic 
structure. He discusses next the analyses of steel suitable for wire- 
drawing, and concludes the series by describing the process and 
effects of patenting in air and in molten lead. 

Low-Temperature Transformation in Iron-Nickel-Cobalt Alloys. 
L. L. Wyman. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 1013; Metals Technology, 
1939, vol. 6, Jan.). The author describes his investigation of the 
expansion and contraction characteristics and the « -> y transforma- 
tion temperature range of iron-nickel-cobalt alloys containing 
26-34% of nickel and 20-10% of cobalt. His observations were 
made at temperatures from — 200° C. to + 1000° C. He found 
that these ternary alloys behaved in a similar manner to the binary 
iron-nickel alloys, and that the low-temperature transformation 
occurred over a range of temperature which is influenced by time, 
temperature, stress and grain-size. Under the conditions described 
in this investigation the « > y transformation occurred in the range 
425-450° C., . 

A Graphic Representation of the “ Lever Relationship ”’ of the 
Heterogeneous Equilibria. R. Bertschinger. (Zeitschrift fiir 
Metallkunde, 1938, v1. 30, Oct., pp. 360-366). The author explains, 
with the aid of numerous diagrams, how the first law of leverage 
s be applied to the equilibria relationships in binary and ternary 
alloys. 

Investigations of the Mechanism of the Segregation Processes in 
Iron-Nickel-Copper Alloys. H. Bumm and H. G. Miiller. (Wissen- 
schaftliche Verdéffentlichungen aus den Siemens-Werken, 1938, 
vol. 17, No. 2, pp. 126-150). The authors give an account of their 
investigation of the effect of different conditions of tempering on 
the mechanism of segregation in the iron-nickel-copper alloys 
suitable for making transformer sheet, with particular reference to 
the effect on their magnetic properties. 

Niobium-Iron and Niobium-Iron-Carbon Alloys. (Metallurgist, 
1938, vol. 11, Dec., pp. 185-187). An abridged version of H. Eggers 
and W. Peter’s papers on the iron-niobium diagram and theiron corner 
of the iron-niobium-carbon diagram below 1050° C. is given. (See 
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p. 65 a). This work is compared with that of C. Agte and H. 
Alterthum, who found that a carbide NbC was formed by the 
reduction of niobium oxide by means of carbon at 1200° C. 

On the Alloys of Iron, Copper and Molybdenum. W. Dannidhl. 
(Wissenschaftliche Verdéffentlichungen aus den Siemens-Werken, 
1938, vol. 17, No. 2, pp. 113-125). The author constructs the iron- 
copper-molybdenum constitutional diagram on the basis of thermal 
and microscopic investigations of the structure. He describes the 
3- and 4-phase transitions, the processes of solidification and the 
structure of the ternary alloys, and finds that the ternary system 
is determined by twenty-two 3-phase and eight 4-phase equilibria. 

Iron-Titanium-Carbon Alloys. (Metallurgist, 1938, vol. 11, Dec., 
pp. 190-192). An abridged translation is given of a paper by W. 
Tofaute and A. Biittinghaus which appeared in Archiv fiir das 
Kisenhiittenwesen, 1938, vol. 12, July, pp. 33-37 and Technische 
Mitteilungen Krupp, Forschungsberichte, 1938, No. 4, May, pp. 
67-78. (See Journ. I. and 8.I., 1938, No. II., pp. 180 a—181 a). 

British Standard Specification for Iron Castings for Gears and 
Gear Blanks. (British Standards Institution, No. 821-1938). 
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(Continued from pp. 193 A—196 A) 


The Practical Problems of Corrosion. Part X. The Application 
of Priming Coats Without Oil Vehicles. R.S. Thornhill and U. R. 
Evans. (Journal of the Society of Chemical Industry, 1939, vol. 58, 
Jan., pp. 13-16). To explore the possibility of producing on a steel 
surface an inhibitive substance, similar to those used in anti- 
corrosive priming paints, but without the use of oil or other binder, 
specimens were subjected simultaneously to sprays of two solutions 
(e.g., zine sulphate and potassium chromate) chosen to precipitate 
an inhibitive substance (e.g., zinc chromate). It was found that 
single non-inhibitive paint-coats (iron oxide) applied to a steel 
surface thus treated were much less destroyed by under-rusting 
after 2}? years of exposure than similar paint applied to steel without 
pretreatment. The treatment is valueless for a ground surface 
(probably the precipitate does not adhere), but is advantageous for 
a partly weathered scale-covered surface—the type of surface most 
difficult to protect in other ways. One of the best combinations 
appears to be that of lead nitrate and sodium phosphate. The results 
are encouraging, but the principle will require further development 
before it has a practical application as a protective process. 

The Destruction of Cast Iron by Gases Containing Carbon Monoxide 
at High Temperatures. W. Baukloh. (Metallwirtschaft, 1939, 
vol. 18, Jan. 20, pp. 57-59). The author explains the mechanism 
of the process of the corrosion of a cast-iron part which had been 
used in gases containing a high percentage of carbon monoxide at 
500-600° C. by reference to the equilibrium diagram for the reaction 
2CO = C + CO,. 

Correlation of an Electrolytic Corrosion Test with the Actual 
Corrosiveness of Soils. I. A. Denison and R. B. Darnielle. (Journal of 
Research of the National Bureau of Standards, 1938, vol. 21, Dec., 
pp. 819-830). The authors report on a study of the data concern- 
ing leaks in, and the reconditioning of, a 128-mile section of buried 
pipe-line and the results of a series of electrolytic corrosion tests 
carried out in samples of the soil through which the pipe line 
passes. The results showed that as the soil became wetter and 
heavier, the incidence of the leaks and the current density obtained 
in the test increased, and that the rate of corrosion in the field 
could be fairly accurately predicted by means of the electrolytic 
corrosion test in the laboratory. 

The Metals and the Preparation of Wine. R. W. Miiller. (Kor- 
rosion und Metallschutz, 1938, vol. 14, Dec., pp. 385-388). The 
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author discusses the application of corrosion-resisting metals for 
wine-cellar equipment. He presents some tables of the results 
of experiments to test the solubility of 18/8 steel and a number of 
non-ferrous metals and alloys in the juices which occur during the 
various stages of the preparation of wines and describes the effect 
of these on the wines. 

Corrosion of Metals in the Soap and Allied Products Industries, 
G. L. Cox. (Industrial and Engineering Chemistry, 1938, 
vol. 30, Dec., pp. 1349-1355). The author reports the results 
of a number of corrosion tests which have been made in 
operating plant and equipment associated with the production of 
soaps, fatty acids and various by-products. He quotes some 
typical examples of records concerning plant in service, and indicates 
the applications of a number of nickel-steel alloys for particular 
purposes. 

Interesting Case of Attack by Water on an Austenitic Chromium- 
Nickel Steel Vessel. (British Engine, Boiler and Electrical Insurance 
Co., Ltd., Technical Report, 1937, pp. 26-29). In this report on 
the investigation of the causes of pinholes near a welded seam in 
a chromium-nickel steel vessel 0-05 in. thick working at 300° F. 
at atmospheric pressure, the primary cause was found to be the 
severely cold-worked condition of the material, which left it in a 
totally incorrect state before it was welded. 

Protection of Steel Pylons against Corrosion. K. F. Tragardh. 
(Teknisk Tidskrift, 1938, vol. 68, July 16, pp. 335-341). The author 
gives an interesting account of his experience of the protection of 
steel pylons, as used on power-lines. In the case of painting, the work 
is cleaned with rotating wire brushes and primed with red lead at 
a cost of 1-95d. per sq. ft.; after assembly in the field, the pylons 
are retouched and given two finishing coats, the cost of this work 
being 1-85d. per sq. ft. These costs refer to bolted or riveted work 
in quantities of 50,000 sq. ft. ; the costs for welded work in quantities 
of 1,000,000 sq. ft. are lower, i.e., 1-32d. per sq. ft. in the shop and 
1-51d. per sq. ft. in the field. Although the cost of painting bolted 
or riveted work would be reduced when treating larger quantities, 
the author considers that this would always exceed that of painting 
similar welded work. From his own observations, which extend 
up to 13 years, he considers that steel pylons painted in this way 
should not require repainting for 20 years, although the period might 
be reduced to 16 years for esthetic reasons. On the basis of these 
figures, he estimates the immediate capital cost of maintenance by 
painting over a period of 40 years at about 6-1d. per sq. ft. 

The author also gives figures relating to galvanised pylons. 
On the line from Porjus to Kiruna no signs of rust were found on 
galvanised bolts after 23 years’ service, and he calculates that 
galvanised pylons carrying 3 oz. of zinc per sq. ft. should be 
adequately protected for 35-40 years. He describes an interesting 
experiment in which welded pylons 50 ft. long were galvanised 
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in one piece, and concludes that protection by hot galvanising will 
often be more economical than protection by means of paint, and 
certainly more convenient, since no further treatment in the field 
is necessary. In fact, he summarises his experience by the state- 
ment that pylons should be constructed from copper-bearing steel 
and galvanised completely. Parts above ground should then last 
for 40 years without further treatment, but the life of the zinc 
coating below ground would be about 20 years. To increase the 
latter to 30 or 40 years, additional protection should be given by 
bituminous coatings. (When considering the estimated life above 
ground, it has to be remembered that the Swedish atmosphere is 
in general much less polluted than that of England.) 
Determination of the Relative Resistance to Cavitation Erosion by 
the Vibratory Method. S. L. Kerr. (Transactions of the American 
Society of Mechanical Engineers, 1937, vol. 59, pp. 373-397). The 
author describes the vibratory method of testing cavitation erosion. 
The apparatus consists of a vacuum-tube oscillator used for produc- 
ing an alternating magnetic field in which is placed a nickel tube 
which vibrates longitudinally at its natural frequency under the 
influence of this magnetic field. The specimens are attached to the 
end of the nickel tube and immersed in the test liquid. Specimens 
were tested for periods of 30, 60 and 90 min., and the-loss in weight 
due to cavitation erosion was determined. In all, 80 materials, both 
ferrous and non-ferrous, were tested, and the author presents tables 
and graphs showing the results obtained and establishes a relation- 
ship between the loss of weight and the temperature of the test. 
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(Continued from pp. 128 a—129 a) 


Chemistry in the Iron and Steel Industry, especially the Develop- 
ment and Purpose of the Analytical Chemistry of Iron and its 
Accompanying Elements. P. Klinger. (Technische Mitteilungen 
Krupp, Forschungsberichte, 1938, Nov., No. 11, pp. 167-196 ; Stahl 
und Eisen, 1938, vol. 58, Dec. 29, pp. 1481-1489). The author surveys 
the work done and the development of analytical chemistry at the 
Krupp’s laboratories since their establishment at Essen 75 years 
ago. The methods described include those for the determination 
of carbon, silicon, manganese, phosphorus and sulphur ; the alloy- 
ing elements copper, nickel, cobalt, chromium, tungsten, vanadium, 
molybdenum, titanium, aluminium, zirconium, beryllium, boron, 
uranium, tantalum and niobium; and finally the gases oxygen, 
nitrogen and hydrogen. A bibliography of 466 references is 
appended. 

Iron Determination in Presence of Titanium Using Zinc Reduc- 
tion. E. Truog and R. W. Pearson. (Industrial and Engineering 
Chemistry, Analytical Edition, 1938, vol. 30, Nov. 15, pp. 631- 
632). The authors describe methods of overcoming the interference 
of titanium when determining the iron in ores by the zinc method 
of reduction. This can be done by reoxidising the titanium by 
supplying air to the solution either by stirring, shaking or by 
aspiration. 

A New Volumetric Process for Tellurium. B.S. Evans. (Analyst, 
1938, vol. 63, Dec., pp. 874-875). The author describes a laboratory 
method for the determination of tellurium using phosphoric acid 
and sodium hypophosphite and titrating with N/100 iodine solution. 
The interesting feature of this method is that a small quantity of 
gum arabic is added before precipitation ; this causes the tellurium 
to remain in colloidal suspension, in which form it is immediately 
attacked by the iodine in the presence of dilute acid. 

A New Volumetric Process for Vanadium. B.S. Evans. (Analyst, 
1938, vol. 63, Dec., pp. 870-873). The author describes a laboratory 
method of determining vanadium in the form of vanadic acid, 
using strong hydrochloric acid as an acidifying agent and potassium 
ferrocyanide solution to precipitate the vanadium. 

The Applications of Polarography. J. Heyrovsky. (Chimie et 
Industrie, 1938, vol. 40, Dec., pp. 1043-1050). The author describes 
the principles and applications of the polarograph. This instru- 
ment produces the voltage-amperage curve of the current required 
to electrolise organic and inorganic solutions. The electrodes are 
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in the form of beads of mercury, and the current is supplied from 
an accumulator through a variable potentiometer with a sensitive 
mirror galvanometer included in the circuit. The movements of 
the mirror cause a beam of light to travel across a chart on sensitive 
paper carried on a rotating drum. The composition of the solution 
can be determined from the curve. With a suitably prepared 
solution the instrument can be used, for example, to determine the 
copper and nickel in steel. 

The Recovery of Laboratory Reagents. P. Dickens. (Stahl 
und Eisen, 1938, vol. 58, Dec. 8, pp. 1403-1406). The author 
describes some processes which can be used in a steelworks labora- 
tory for the recovery of the molybdenum solution used in the 
determination of phosphorus, for the recovery of silver, and for the 
recovery and cleaning of mercury. 

The Automatic Estimation of Sulphur Dioxide in Industrial 
Gases. W. Francis, M. C. Morley and E. W. F. Gillham. (Journal 
of the Society of Chemical Industry, 1938, vol. 57, Dec., pp. 419- 
424). The authors describe their investigation of the design of an 
instrument capable of measuring and recording extremely low 
concentrations of sulphur dioxide in flue gases, of the order of 
0-002—0-02 grain of sulphur per cu. ft. at N.T.P. The instruments 
designed were based on the changes in the electrical conductivity 
of the hydrogen peroxide solution used as a scrubbing medium. 

Emission Spectrum Analyses in Industrial Laboratories. G. 
Balz. (Metallwirtschaft, 1938, vol. 17, Nov. 18, pp. 1226-1231). 
The author points out some of the advantages of the use of spectrum 
analysis as compared with chemical analysis, showing that the for- 
mer is of special value to a metal user who, contrary to the producer, 
does not always know the exact composition of the metal or alloy 
he is using. The author demonstrates the wide sphere of application 
of spectrum analysis by quoting many examples relating to ferrous 
and non-ferrous metals and paint pigments. 

Quantitative Spectrographic Analysis. D. M. Smith. (Man- 
chester Metallurgical Society : Metal Industry, 1938, vol. 53, Nov. 
18, pp. 485-488). The author discusses the various methods by 
which quantitative analyses of alloys can be made by means of the 
spectrograph, and explains the limitations and advantages of each. 
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Buttens, D. K., and the METALLURGICAL STAFF OF THE BATTELLE 


MemoriaL Institute. “ Steel and its Heat Treatment. 
Vol. 1. Principles, Processes, Control.” Fourth edition, 
rewritten and reset. 8vo. pp. xv + 445. Illustrated. New 
York, 1938 : John Wiley and Sons, Inc. London: Chapman 
and Hall, Ltd. (Price 22s. 6d.) 


Since the first edition of this book by D. K. Bullens appeared in 
1916, it has served as an effective link between the theory and practice 
of heat treatment, but with the exception of a chapter on nitriding added 
in the 1935 edition, it has not been materially revised since 1927. 
Since then the theory of heat treatment has become more clearly 
understood, and many new factors have become important in practice. 
It was thus obvious that if this book were to continue to hold the 
position it had gained in the past, a substantial revision was necessary. 
As pressure of other work prevented the original author from under- 
taking the task, the staff of the Battelle Memorial Institute took it 
on. The result is a much larger book, based on the same general 
scheme as the earlier editions and embodying much of the text, but 
revised to take account of new ideas and practices, and to include much 
that was previously omitted. The original version of the book con- 
sisted of one volume divided into three sections, designated the metal- 
lurgical phase, the engineering phase and the production phase, re- 
spectively. In the new edition the first and third of the original 
sections are included in the first volume, and a second volume will be 
devoted to the second section, i.e., the engineering phase. Each 
section now contains much additional matter, and the arrangement 
of the chapters has been altered. The major additions relate to 
austenite grain-size control, the use of controlled atmospheres in heat- 
treatment furnaces, gas carburising, forced-circulation furnaces for 
tempering and other purposes, high-yield-point low-alloy steels and 
copper as an alloying element. The present volume begins with a 
chapter on the testing of steel, and this is followed by eight on metal- 
lurgical principles, i.e., the structure of steel, annealing, normalising, 
spheroidising, hardening, tempering, precipitation-hardening and 
grain size. After this four chapters are devoted to surface reaction 
processes, 7.e., case carburising, cyaniding, nitriding, surface hardening 
and controlled atmospheres. The last part, which corresponds to 
what was called the production phase in earlier editions, deals with the 
control of heat-treating operations, and includes chapters on proper 
heating in forging, fuels and furnaces, control of heating and cooling, 
and the human element. The second volume will be devoted to what 
was called the engineering phase in earlier editions, and will consider 
the composition, treatment and properties of the numerous carbon 
and alloy steels now in use. As this new edition may be said to be 
the result of the combination of the extensive practical experience of 
D. K. Bullens with the wide knowledge acquired by the staff of the 
Battelle Memorial Institute in the preparation of a number of im- 
portant additions to metallurgical literature, it should prove as valuable 
at the present time as the earlier editions did in the years following 
their appearance. J. M. RoBeERTsON. 
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Horr, H. “ Die Hiittenwerksanlagen. Anleitwng zu deren Planung, 
Berechnung und Aufbau. Band 1. Anlagen zur Gewinnung 
und Erzeugung der Werkstoffe.’ Von H. Hoff und H. Netz. 
8vo. pp. xi+ 468. Berlin, 1938: Verlag Julius Springer. 
(Price 63 RM.) 


This detailed and comprehensive work describes the industrial 
furnace plants used in all types of metallurgical and ceramic operations. 
The second part will deal with the further treatment of metals by 
rolling, forging and drawing. The present volume covers its subject- 
matter in twelve chapters, each of which is further divided into main 
sections and sub-sections. The first short chapter is devoted to 
economic considerations and_ matters affecting the design of buildings 
and facilities for transport. The next chapter is the longest in the 
book, and covers the theory and practice a industrial heating. The 
process of combustion is dealt with quantitatively, ard all the factors 
entering into combustion control and fuel economy are given due 
attention. Thereafter follow descriptions of industrial methods of 
heating with solid, gaseous and liquid fuels, the second of these being 
dealt with in greater detail in several sub-sections. Electrical methods 
of heating are divided into arc, resistance and induction heating. 
Heat transference, furnace efficiency, refractory materials of con- 
struction and the preheating of gaseous fuels are considered at some 
length in the concluding sections of this chapter. Consideration 
of modern industrial plant begins in the third chapter with the prepara- 
tion of fuels, devoted chiefly to coke-ovens and gas producers, and in 
the next chapter the preliminary treatment of ores is similarly dealt 
with. The design of blast-furnaces and their associated plant is 
described in the fifth chapter, a short section being given on furnaces 
of other types used for the winning of iron from its ores. The following 
chapter covers steelworks furnace plant in a similar way, Bessemer 
converters, open hearth furnaces and electric furnaces all being con- 
sidered. The furnaces and other equipment used in all branches of 
non-ferrous metallurgy are described in the seventh chapter, the 
extraction of thirteen metals from their ores being covered, the five 
major metals having more detailed treatment than the others. The 
concluding portion of the book is devoted to the plant used for gas 
cleaning, and equipment in foundries, cement works, and ceramic 
and glass works. Theoretical considerations are practically confined 
to the second chapter, and to accommodate the very wide range of 
subject-matter the descriptions of plant in the rest of the book have 
been made as concise as possible. The descriptions are accompanied 
by no fewer than 668 illustrations, including diagrammatic and detailed 
drawings and photographic reproductions, all of which form a valuable 
complement to the text, and greatly enhance the merit of the book. 
Some of the drawings suffer a little from the amount of detail shown 
relative to the size of the illustration, but the line reproduction is 
excellent, and in only a few cases are the salient features seriously 
obscured by non-essential details. The diagrammatic sketches, as 
is usual in German works, are admirably clear, and stress the principal 
features of design in simple and easily understood terms. References 
to scientific papers and books are given on the pages where these are 
mentioned, and, in addition, there is a classified bibliography of 
reference books at the end of the volume. The book covers its wide 
field very comprehensively, and in its continued reference to principles 
in discussing design the work goes far beyond a mere descriptive 
function, and will interest not only those who wish to learn something 
of metallurgical furnace plant, but also those who are already familiar 
with some of the subject-matter dealt with. 

STEPHEN L. RoOBERTON. 
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Jounson, C.G. “ Forging Practice.” 8vo. pp. viii + 136. LIllus- 


BOOK NOTICES. 


trated. Chicago, Ill, 1938: American Technical Society. 
London: The Technical Press, Ltd. (Price 7s. 6d.) 


Forging, and the working of metals generally, are dealt with in 
many books on the metallurgy of steel, and in addition there are a 
number of books in various languages devoted wholly or to a large 
extent to it. Nevertheless, it is true to say that the literature on 
forging is scanty in comparison with that on foundry practice, heat 
treatment and certain branches of physical metallurgy. Careful 
consideration of metallurgical literature would probably show that 
the space devoted to different aspects is not allocated in accordance 
with their industrial importance, but varies from a maximum in the 
case of those subjects on which knowledge is acquired by systematic 
research, to a minimum in the case of those in which knowledge is 
acquired mainly by practical experience. Thus forging, despite its 
importance in practice, occupies an inconspicuous place in technical 
publications, and will most likely continue to do so. The present 
book is brief and covers a wide field, and it has clearly not been written 
in order to remedy the deficiencies in the literature. At the same time, 
however, it must be welcomed as a concise account of working opera- 
tions which it is easy to buy andtoread. It covers more than is generally 
implied by the term forging, and would be more accurately described 
as a book on mechanical working or metal-forming. Thus, in addition 
to the sections on hand, hammer, drop, upset and press forging, it 
deals with hot- and cold-rolling, extrusion, and with cold-drawing, 
pressing and spinning. Furthermore, in order to make the book to 
some extent self-contained, sections are included on the structure of 
iron and steel and the heat treatment of forgings. The illustrations 
are plentiful and well chosen, and the book is, in general, an effective 
introduction to metal-working technique. J. M. Rosertson. 


D. A. “A Pocket Book for Mechanical Engineers.” Edited 
by B. B. Low. New Edition. Sm. 8vo. pp. xii + 778. 
Illustrated. London, New York and Toronto, 1938: Long- 
mans, Green and Co. (Price 10s. 6d.) 


This pocket-book, which first appeared in 1898, has been reprinted 
fourteen times, and is now in the forty-third thousand. _ It is one of the 
engineering classics, and, owing to the reputation it has established, 
it was well worth while to revise and enlarge it and bring it up to date. 
Like other handbooks of a similar nature, it contains a vast number 
of rules, formule, tables and other data, and in a review it is practically 
impossible to indicate its contents. It appears, however, that it 
contains most of the information that a mechanical engineer is likely 
to require in the course of his ordinary work, and should prove of 
great assistance to those users who take the trouble to become familiar 
with its contents, so that they may know when to consult it and where 
to look. The table of contents at the beginning is not very extensive, 
but it gives an outline of the arrangement and enables a given item 
to be found with comparative ease. In any case, there is a good 
index at the end. When the first edition was prepared, great attention 
was given to checking the tables, in order to eliminate inaccuracies 
that occurred in the accepted versions and were carried on from one 
publication to another. The importance of thus maintaining accuracy 
has been recognised in the revision, and most of the new material has 
been obtained from the most reliable sources. 

J. M. RoBertson. 
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Skerry, E. “The Testing of Metallic Materials.” 4to. pp. 51. 
Illustrated. London, 1938: Bunhill Publications, Ltd. 


(Price 38. 6d.) 


This appears to be the shortest book on mechanical testing that has 
been produced, but by confining attention to the practice of testing, and 
omitting consideration of the mechanics of structure, the relative 
behaviour of different materials in different tests and the mechanism 
of deformation, &c., it covers the subject-matter in an entirely satis- 
factory manner. It deals, in the first place, with fundamental laws, 
t.e., stress, strain, Hooke’s Law, modulus of elasticity, elastic and 
plastic strain, &c. After this, attention is given to the tensile test, the 
stress-strain diagram, the measurements made and the machines used. 
Under hardness testing the well-known methods, e.g., Brinell, Vickers, 
Rockwell, Shore, &c., are described, and after a brief account of the 
Izod test, a final section is devoted to miscellaneous subjects, such as 
extensometers, the Erichsen test, wire bending test, torsion test for 
wires, tensile tests at high temperatures, and the Hounsfield tenso- 
meter. The appendix contains three conversion tables, Rockwell 
numbers to Brinell numbers, tons per sq. in. to kilogrammes per sq. mm., 
and Brinell numbers to tons per sq. in. J. M. RosBerrson. 


VerEIN DevutscHeR EIsENHUTTENLEUTE. “ Handbuch fiir das 
Eisenhiittenlaboratorium.” Herausgegeben vom Chemikeraus- 
schuss des Vereins Deutscher Eisenhiittenleute. Band I. 
“ Die Untersuchung der nichtmetallischen Stoffe.” La 8vo. 
pp. xv + 340. Illustrated. Diisseldorf, 1939: Verlag Stahl- 
eisen m.b.H. (Price 24.50 RM.) 


This book has been made possible by the joint work of the leading 
scientists and practical experts in Germany during the last few years. 
The requirements of laboratories dealing with iron and steel materials 
have grown considerably, on account of the progress of iron metallurgy. 
In Germany there was no book in existence giving a survey of the whole 
field including the fundamental data of modern research, This work 
is intended to be useful not only to the iron and steel manufacturers, 
but also to the chemist and the student who is not so well acquainted 
with these intricate problems. The book is self-contained, and gives 
adequate information on the subject concerned without the necessity 
of referring to other sources. A number of references are, however, 
included. The book primarily deals with the analysis of ores. It 
outlines the procedure of sampling, the determination of combined 
water and the organic and inorganic constituents of ores. It further 
deals with the analysis of the natural phosphates, with particular 
reference to phosphoric and silicic acids, alumina, lime, fluorine, iron 
oxides and alkalis. A complete classification of basic, acid and other 
types of fluxes is also given. The analysis of slags is dealt with fully, 
and it further indicates the methods of analysis for cements and flue- 
dust. The analysis also extends to all refractory materials and solid 
fuels and gases. Methods for the determination of dust, tar and the 
humidity in gases used for technical purposes are described. The wide 
field of the book is well indicated by the fact that it also includes 
methods of determining the qualities of lubricants and insulating oils, 
the chemical analysis of boiler feed-water and recovery processes for 
laboratory reagents. This book is the first volume dealing only with 
non-metallic materials. The second volume, which will be published 
in the middle of next year, will deal with metallic materials in a similar 
manner, W. Srvon, 
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Wounpram, O. “ Elektrowdrme in der Eisen- und Metallindustrie. 


Werkstattbiicher fiir Betriebsbeamte Konstrukteure und Fachar- 
beiter.” Hrsg. H. Haake. Heft 69. 8vo. pp. 64. Illus. 
trated. Berlin, 1939: Julius Springer. (Price 2 RM.) 


These little volumes, some of which have already been reviewed in 
these pages, are designed to combine elementary instruction in first 
principles with an introduction to the practical applications of the 
subject dealt with. This volume, on “ Electric Heating in the Metal 
Industries,’ admirably fulfills the dual function, The first chapter 
covers, in its four sections, the theoretical consideration of heat and 
temperature, a short introduction to electrical theory, the generation 
and distribution of electric power, and the generation of heat by 
electricity. The next chapter deals with electrically heated furnaces 
in general, subdivided according to mode of heating, application and 
method of operation, and concludes with a description of the materials 
of construction, including resistor alloys, arc electrodes, and thermal 
and electrical insulators. Various patterns of industrial furnaces are 
described and illustrated in the third chapter, the examples being 
divided into melting furnaces, heat-treatment furnaces, drying ovens 
and equipment for welding. Measuring instruments and control 
apparatus associated with electric furnace installations are next 
described, and in a final chapter the economics, advantages and effi- 
ciency of electrical heating are considered. The little volume is 
concisely written and well printed, and the excellent drawings and 
photographs greatly facilitate the complete understanding of the text. 
The author’s use of ‘‘ Warmeaustausch”’ as a synonym for “ Kon- 
vektion ’’ may be dictated by the recent tendency to eliminate words 
of foreign origin from the German language, but the choice is un- 
fortunate, and might lead to misconception. This minor lapse in 
terminology is, however, of more moment to domestic rather than to 
foreign readers of the book. STEPHEN L, ROBERTON. 
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(Continued from p. 202 a) 


Characteristics of Refractories. J. F. Hyslop. (Metal Treat- 
ment, 1938-39, vol. 4, Winter issue, pp. 150-152). The author 
discusses the more important characteristics of refractory materials, 
namely, the softening point, contraction, strength-under-load at 
high temperatures, resistance to sudden temperature changes and 
resistance to corrosion. He shows how these properties are related 
to the chemical, mineralogical, and physical nature of the materials 
now used for manufacturing refractory bricks. 

Modern} Developments in Special Refractories. F. Harders, 
(Metal Treatment, 1938-39, vol. 4, Winter issue, pp. 165-169, 174). 
An abridged translation of the author’s article on “‘ Recent De- 
velopments in the Field of Special Refractories’ which appeared in 
Stahl und Eisen, 1938, vol. 58, Oct. 6, pp. 1081-1085. (See p. 2 ). 

Fireclay Bricks for Use in Iron and Steelworks. J. H. Chesters 
and T. W. Howie. (Transactions of the British Ceramic Society, 
1939, vol. 38, Feb., pp. 131-146). In presenting a survey of the 
properties of fireclay bricks for use in blast-furnaces and steel- 
furnaces, the authors show that the results of laboratory tests do 
not enable an accurate prediction of the behaviour of the bricks in 
service to be made, but they do indicate whether it is safe to try the 
bricks in question. The authors therefore survey the properties 
of bricks which have proved their usefulness in service by considering 
the results of both laboratory and full-scale tests on these bricks. 
The authors’ general conclusions include the following: A 40%- 
alumina firebrick is more resistant to certain slags than one con- 
taining 35% ; blast-furnace stove dust attacks high-alumina bricks 
less than the medium-alumina variety; there is a tendency to use 
high-alumina refractories in the casting of hot cupola iron and high- 
manganese steel; and finally, thermal-shock tests suggest that de- 
aired products can possess a high spalling resistance in spite of their 
dense texture. 

Refractory Products for Blast-Furnaces. A. Clausset. (Revue 
Universelles des Mines, 1939, vol. 15, Jan., pp. 29-32). After 
pointing out the relative importance of obtaining a long life for the 
refractory lining of a modern blast-furnace, the author presents a 
detailed study of the physical and chemical characteristics which 
a satisfactory brick should possess, with particular reference to 
resistance to mechanical shocks and abrasion, resistance to the 
action of carbon monoxide, and porosity. 
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Insulating the Roof of the Open-Hearth Furnace. J. Robitschek 
and F. Singer. (Revue Universelle des Mines, 1939, vol. 15, Jan., 
pp. 21-29). The authors discuss the technical and economic 
aspects of insulating the back of the refractory bricks which form 
the lining of the roof of an open-hearth furnace. They quote the 
results of American practice as an example of the economic advantage 
of doing this, and show that a saving of 10-20% in fuel consumption 
can be obtained. 

Refractories and the Electric Furnace, with Particular Reference 
to the Roof. (Metallurgia, 1939, vol. 19, Jan., pp. 97-98). The 
properties of alumina, silica, sillimanite and chrome-magnesite 
refractory bricks are discussed and compared with reference to their 
suitability for making the roofs of electric furnaces. The need for 
greater co-operation between the furnace designer and the refractory- 
brick maker is stressed. 

Study of Soda-Ash Foundry-Slag Attack on the Refractory 
Lining of a Teapot-Type Reservoir Ladle. P.S. Dear. (Bulletin of 
the American Ceramic Society, 1939, vol. 18, Jan., pp. 4-8). The 
author describes an investigation of the causes of the rapid deterior- 
ation of the refractory lining of a ladle which occurs near the slag 
line brought about by the addition of soda ash for refining the molten 
iron, A microscopic examination of the eroded surface of the bricks 
showed that this consisted of (a) a thin, heterogeneous glass layer 
on the exposed surface, (b) a transition layer at the slag-brick inter- 
face showing pronounced mullite development in a glass phase, (c) a 
very dark vesicular layer immediately behind the transition layer, 
followed by (d), the main body of the brick, darkened, but otherwise 
not greatly altered. He also discusses the mechanism of the slag 
attack. 
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(Continued from pp. 203 A-205 4) 


Progress in By-Product Coking in 1938. G. E. Foxwell. (Coal 
Carbonisation, 1939, vol. 5, Jan., pp. 5-12; Feb., pp. 25-29). 
The author considers the factors, both economic and technical, 
which led to so many orders being placed for new coking plants in 
Great Britain during the period 1934-38. He presents a table 
showing the number*and capacity of the ovens erected during this 
period; this table also shows the names of the companies and 
whether the ovens are situated at ironworks or at collieries. 
He describes and illustrates several of the plants erected during 
1938 in Great Britain, India and Turkey. 

The Determination of the Swelling Pressure of Coal in the Coke- 
Oven. F. Ulrich. (Gliickauf, 1939, vol. 75, Feb. 11, pp. 128-133). 
The author describes an apparatus devised in the laboratories of 
the Rhine-Westphalian Coal Syndicate by which the swelling 
pressure of coal in the coke-oven can be determined. A thermo- 
couple is attached to the device so that both temperature and pressure 
readings can be obtained. The accuracy of the readings has been 
proved in both laboratory and full-scale ovens. The author dis- 
cusses the results obtained using the device in some German coke- 
ovens, and relates these to the temperature, the coking time and 
the percentage of volatile matter in the coal. 

Examples of the Uses of Industrial Gases in Central Germany. 
E. Homborg and G. Eisenmann. (Gas- und Wasserfach, 1939, vol. 
82, Feb. 18, pp. 98-103). The authors describe and discuss several 
exhibits at the Leipzig Spring Fair which illustrate the industrial 
applications of town gas. These exhibits include stationary and 
rotary hardening furnaces, burner equipment for surface-hardening, 
burners for drying out small foundry ladles, and a core-drying stove 
of unusual design. This stove is 11 m. high, but occupies very 
little floor space. It is divided vertically into two parts, the 
drying-chamber and the cooling-chamber. An endless chain travels 
through both chambers. To the chain are fixed 21 core-carriers, 
each of which has 6 shelves. Heated air is circulated through the 
drying chamber in the opposite direction to that of the chain. It is 
claimed that 25 tons of cores can be dried in 16 hr. with a consump- 
tion of 70-80 cu. m. of town gas per hr. 
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(Continued from pp. 206 a-208 a) 


The Blast-Furnace in 19388. W. A. Haven. (Blast Furnace 
and Steel Plant, 1939, vol. 27, Jan., pp. 43-45). In this review 
of the development of blast-furnace design and practice in 1938 the 
author discusses briefly the desulphurisation of iron in the ladle, 
increased blast pressures, the reduction of sintered magnetite 
concentrates, the differential gravity separation of Mesabi ores, a 
gas-cleaning unit with a precipitator placed directly above the 
scrubber, and, finally, the use of spherical refractories as a substitute 
for checker bricks in the upper part of blast-furnace stoves. 

New Furnace Follows Modern Design Trends. J. H. Slater. 
(Iron and Steel Engineer, 1939, vol. 16, Jan., pp. 63-67). The 
author presents a detailed description of the No. 3 blast-furnace of 
the Republic Steel Corporation, which was blown in in October 1938. 
The furnace has a nominal capacity of 1000 tons per day. The 
author gives the principal dimensions in a sectional diagram and 
presents tables showing the operating data and analyses of the 
burden, the product and the slag. 

Choice of a Rational Type of Tuyere for Blast-Furnaces. N. D. 
Kirichenko. (Metallurg, 1938, No. 6, pp. 78-89). (In Russian). 
The author first considers the possibility of increasing the output 
of present-day blast-furnaces, and in this connection reviews some 
of the previous work on the size and characteristics of the com- 
bustion zone in blast-furnaces. The author, in considering the 
functioning of modern types of tuyeres, points out the desirability 
of increasing the combustion zones in front of the individual tuyeres 
so as to form a continuous ring-shaped combustion zone. This 
leads the author to the conclusion that even the best tuyere (the 
Venturi type) has a number of disadvantages. He suggests a new 
type of diffuser-section tuyere, in which spreading of the combustion 
zone sideways is achieved by the provision of an elliptical nozzle, the 
latter being obtained by cutting off the end of the tuyere at an angle 
of 20-25° to the axis of the tuyere. 

Some Data on the Working of the Zaporozhstal Blast-Furnaces. 
D.Z. Pospelov. (Metallurg, 1938, No. 6, pp. 70-77). (In Russian). 
The two furnaces considered have been in operation for four years, 
and their useful life is estimated at five, or even six, years. Some of 
the early difficulties encountered are mentioned, and the author 
then deals with the factors which he considers have contributed to 
the good condition of the furnaces. These include the cooling of the 
shaft and the comparatively great distance which the tuyeres 
protrude into the interior, thus keeping the centre of combustion 
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away from the lining. On the operating side, contributory 
factors include the careful grading of the ore and the control of the 
composition of the furnace charge, which depends, among other 
factors, on the rate of flue-dust removal, the maintenance of a 
constant blast, which should not be interrupted during tapping, and 
the more frequent tapping of the iron (seven times in 24 hr.) and slag. 

Complete Overhaul of the No. 5 Blast-Furnace at the Petrovskiy 
Works in 33 Days. K. V. Messerle. (Stal, 1938, No. 7, pp. 1-15). 
(In Russian). The author describes how the complete overhaul 
of the No. 5 blast-furnace of the Petrovskiy Works was carried out 
in 33 days from the time of stopping to the blowing-in. 

The Influence of the Lumpiness of a Blast-Furnace Charge on the 
Gas Flow. I.8.Astakhov. (Metallurg, 1938, No. 7-8, pp. 103-117). 
(In Russian). After considering briefly the previous work on the 
subject and some theoretical considerations, the author presents a 
report of his experimental work which had for its object a study of the 
flow of the gases in five blast-furnaces at the Dzerzhinskiy works by 
means of thermocouples let into the linings at different levels, it being 
assumed that the temperature of the lining is a function of the 
flow of the gases at the different levels in the furnace. The effect 
of the lump size of the charge, which varied owing to the varying 
proportion of agglomerate used, was investigated. He found that 
with increasing lump size of the charge, its gas-permeability was 
much greater near the centre than at the periphery. This effect, if 
it becomes too pronounced, may seriously interfere with the working 
of the furnace, and an increase in the lump size should therefore be 
counteracted by an appropriate distribution of the charge in order 
to secure an adequate flow of gas through the peripheral layers of 
the charge. 

Experiences in American and European Iron and Steel Works 
with Special Reference to the Smelting of Fine Ores. H. A. Brassert. 
(Stahl und Eisen, 1939, vol. 59, Mar. 2, pp. 264-267). Conclusion 
of a previous article. (See p. 2074). In Part III., which concludes 
this paper, the author studies the process and practice of reducing 
fine ores in the blast-furnace by considering both the theory and the 
results of surveys of temperature, pressure, and gas composition 
made during the actual working of blast-furnaces on fine ores. He 
discusses in particular the advantages of reducing the quantity and 
the temperature of the blast, and the method of working the slag. 
In conclusion he declares that whilst development of the means of 
controlling the many variables will continue to advance, complete 
control will never be attained, and the working of a blast-furnace 
will therefore always be something of an art, never an exact science. 

The Laws Governing the Reduction of Silicon and Titanium in the 
Blast-Furnace. E. Faust. (Archiv fiir das Eisenhiittenwesen, 
1939, vol. 12, Feb., pp. 361-364). The author describes his in- 
vestigation of the simultaneous reduction of silica to silicon and of 
titania to titanium in the blast-furnace. The results are presented 
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in tables and graphs, and the effects of raising and lowering the 
temperature at which the blast-furnace was working were studied. 
From the data obtained the author shows how to adjust the pro- 
portions of silica and titania in the charge so as to produce a titanium- 
bearing iron not too high in silicon. 

The Influence of Calcium Sulphide on the Viscosity and Melting 
Point of Blast-Furnace Slags. L. Tsylev. (Metallurg, 1938, No. 6, 
pp. 90-97). (In Russian). Using a viscosimeter, with which the 
torsion exerted on a cylinder rotating in the slag was measured by 
optical means, and a small furnace, the author determined the effect 
of additions of calcium sulphide on the viscosity and melting point 
of a number of synthetic and natural slags. He found that additions 
of up to 5% of calcium sulphide slightly increased the viscosity of 
slags with a silica/lime ratio of 0-7-0-8 and of others with a silica + 
alumina/lime ratio of 0-8-0-9. The increase in viscosity was more 
rapid if a greater quantity of calcium sulphide was added. Owing 
to the absence of the oxides of manganese and magnesium the 
viscosity of synthetic slags was always found to be higher than that 
of natural slags. Additions of calcium sulphide to the latter caused 
an irregular increase in the viscosity, a maximum being reached with 
10-11% of calcium sulphide. In general, additions of calcium 
sulphide lowered the melting point of the slag. 

Experiments on the Production of Carbon-Bearing and Carbon- 
Free Ferro-Silico-Zirconium. G.M.Vaynshteyn. (Metallurg, 1938, 
No. 9, pp. 17-23). (In Russian). Some methods which have been 
suggested and used for the production of zirconium and ferro- 
silico-zirconium are reviewed. Experimental work on the reduction 
of a zirconium ore (ZrO, 50:1%, SiO, 22-6%, Fe,0, 38%, Al,O; 
16-5%, MgO 0-18%, traces of CaO, and loss on ignition 6-0%) using 
carbon (charcoal and petroleum coke) and 75% ferro-silicon is 
reported. The experiments were carried out in a 50-70 kW. carbide- 
type furnace with a bottom carbon electrode. When using carbon 
an alloy with zirconium 35%, silicon 5-5% and carbon 4-6% could be 
obtained, the carbon content corresponding to zirconium carbide 
(ZrC), the utilisation of the zirconium amounting to 88%. It was 
found possible, using the ferro-silicon reducing agent, to obtain 
alloys with 30-45% of zirconium with a zirconium/silicon ratio 
exceeding unity and with a low carbon content of about 0-1%. 

Small-Scale Manufacture of Iron and Steel in India by the Direct 
Method. P.N.Mathur. (Transactions of the Mining, Geological and 
Metallurgical Institute of India, 1938, vol. 34, Part 3, pp. 283-301). 
The author describes a method he developed for the Ford Motor 
Co., Detroit, for the direct reduction of iron ore using a charcoal 
powder which was the by-product from a wood-distillation plant. 
As a result of this experience he considers that there is a field for the 
establishment of small industries in numerous parts of India, where 
local ore, fuel and labour could be employed to manufacture 1-2 tons 
of wrought-iron products per day to meet the local demand. 
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Modern Electric Smelting.—The Norwegian Electric Furnace for 
Iron. I. Hole. (Teknisk Tidskrift, 1939, vol. 69, Feb. 11, Bergs- 
vetenskap, No. 2, pp. 9-11). (In Norwegian). The author reviews 
the development of the use of electric furnaces for reducing iron ore 
in Norway during the last 10 years. These furnaces are generally 
known as Spigerverk furnaces. Their characteristics include the 
following : (1) The design is such that the charge exerts little pressure 
on the electrodes and the furnace can be worked at a high voltage, 
up to 175 V. between the electrodes ; (2) it is not necessary to use 
metallurgical coke, a mixture of fine coke and gas-coke is quite 
satisfactory ; (3) a high degree of desulphurisation is obtained ; (4) 
the pressure and velocity of the gases are low; (5) the charge can 
descend evenly over the whole area of the hearth; (6) the working 
of the furnace is elastic, as it can be run at half capacity with almost 
no loss in efficiency and without affecting the quality of the iron 
produced ; and (7) the furnace works quietly and breakdowns occur 
very seldom. The author also discusses the consumption and cost 
of the electric power per ton of iron and the production and calorific 
value of the gases produced. 

The Imatraverk’s Spigerverk Furnace. H. Willners. (Teknisk 
Tidskrift, 1939, vol. 69, Feb. 11, Bergsvetenskap, No. 2, pp. 11-14). 
(In Swedish). The author describes the 10,000-kW. electric Spiger- 
werk furnace (see previous abstract) which has been producing pig 
iron at Imatra in Finland for the last 18 months. It can produce 
90-100 tons of iron in 24 hr. At first the plan of the hearth was 
similar in shape to a clover leaf, and it had an electrode at the centre 
of each of the three blades, but it was found that the circulation of the 
metal caused the lining to be worn away at the extremities of the 
three blades. The shape of the hearth was therefore modified to 
correct this. 

In the Beginning. N.F. Dufty. (British Steelmaker, 1939, vol. 
5, Feb., pp. 69-70). The author records in chronological order some 
of the discoveries of iron weapons, tools and ornaments which enable 
the early history of the manufacture and use of iron in different 
parts of the world to be traced. 





ble 


wh 
at 

cor 
car 
flue 
test 
goo 
det: 
cup 


Assi 
the 
effe 
iron 
that 
line 
of st 
gane 
pres: 
almc 


Gree 
1938 
inves 
char; 
the | 
infer 
by u: 
long 





( 2694 ) 


FOUNDRY PRACTICE 


(Continued from pp. 209 A—211 A) 


The Relationship between the Coke Consumption and the Com- 
position of the Flue Gases in Cupolas of Different Diameters. H. 
Jungbluth and E. Brihl. (Technische Mitteilungen Krupp, 
Forschungsberichte, 1939, vol. 2, Feb., pp. 1-4). The authors refer 
to the work of previous investigators (G. Buzek, P. A. Heller, 
H. Korschan and H. Jungbluth), from which the following re- 
lationship was established between the melting capacity, volume of 
blast, and coke consumption when working cupolas of from 550 up 
to 900 mm. in diameter, viz : 


a 60,000 W 
~ KX kX 445 (100 + qv) 

where S is the melting capacity in tons per hr., W the blast in cu. m. 
at N.T.P., K the coke consumed per 100 kg. of iron, k the carbon 
content of the coke expressed as a percentage, and », the ratio of the 
carbon dioxide to the carbon monoxide plus carbon dioxide in the 
flue gases expressed as a percentage. They then describe a series of 
tests undertaken to ascertain whether this equation would also hold 
good for large cupolas. The results of the tests are given in great 
detail in tabular form, and they show that the equation is valid for 
cupolas up to 1300 mm. in diameter. 

Effect of Blast Pressure in Cupola Melting. J.T. MacKenzie and 
C. K. Donoho. (Transactions of the American Foundrymen’s 
Association, 1938, vol. 46, pp. 513-520). The authors report 
the results of tests made with a 21-in.-dia. cupola to ascertain the 
effect of variations in the blast pressure on the rate of melting scrap 
iron and silicon steel and on the analysis of the product. They found 
that : (1) The rate of melting increased approximately in a straight 
line with the square root of the blast pressure; (2) the percentage 
of sulphur in the product remained almost unchanged ; (3) the man- 
ganese and silicon contents decreased slightly with increasing blast 
pressure ; and (4) the physical properties of the product remained 
almost unchanged. 

Effect of Cupola Practice on Linings. C. K. Donoho and C. F. 
Greene. (Transactions of the American Foundrymen’s Association, 
1938, vol. 46, pp. 525-531). The authors describe how they 
investigated the effects which changes in blast pressure, nature of the 
charge, duration of the heat, and diameter of the cupola have on 
the life of the refractory lining of the melting zone. The general 
inference from the results was that the life of the lining was decreased 
by using higher blast pressures, melting low-silicon iron, working 
long heats, and using small cupolas. 
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Cupola Operation. M.Dudouet. (Transactions of the American 
Foundrymen’s Association, 1938, vol. 46, pp. 537-560). The 
author presents a very comprehensive account of the design and 
operation of a cupola. In Part I. he discusses the theory of the 
reactions. In Part II. he shows how the principles studied in Part I. 
affect the design and method of operation. Part III. he devotes toa 
detailed description of a modern cupola, and in Part IV., which 
concludes the paper, he discusses cupola practice and the symptoms, 
causes, and remedies for various operating troubles. 

Production of Short-Cycle Malleable Iron. W. D. McMillan. 
(Transactions of the American Foundrymen’s Association, 1938, 
vol. 46, pp. 697-708). The author describes the foundry and 
annealing technique by which malleable-iron castings are made, the 
time taken for annealing being only 14} hr. The analysis of the 
iron is: Silicon 1-6—-1-9%, carbon 2-0-2-4%, manganese 0-25-0-35%, 
phosphorus 0-12% max., sulphur 0-10% max. A gas-fired, radiant- 
tube, pusher-type furnace is used which has a throughput of 20 tons 
of castings in 24hr. The annealing cycle is : (a) Heat to 1700° F. in 
3 hr., and hold at that temperature for 2} hr., (b) cool to 1475° F. 
in 2 hr., (c) cool to 1200° F. in about 6 hr., and (d) cool to room 
temperature in about 1 hr. 

Design of Straightening Equipment for Malleable Iron Castings. 
C. W. Weedfall. (Transactions of the American Foundrymen’s 
Association, 1938, vol. 46, pp. 713-734). The author discusses 
first the causes of the warping of malleable-iron castings and 
manual methods of straightening castings; from this he goes on to 
describe drop and power-driven dies and the theory and practice 
of straightening, illustrating this with charts and drawings. He 
concludes by pointing out the advantages and disadvantages of the 
different methods of straightening. 

Effect of Moisture on the Principal Properties of Moulding Sands. 
J. Dearden. (Foundry Trade Journal, 1939, vol. 60, Feb. 9, pp. 
141-143). The author discusses the results of his investigations of 
the effect of different percentages of moisture on the properties of 
moulding sands. His tests were made on Southport and Irvine 
sands in particular, and the relationship of the density, permeability, 
green strength, and dry strength to the moisture content is illus- 
trated by means of graphs. His general conclusions are that, 
within the usual range of moisture, increased moisture reduces the 
permeability and green strength but increases the dry strength; at 
the same time it makes the sand easier to ram. He finds that red 
sands are affected by moisture to a lesser extent than other more 
heavily-bonded sands. 

Some Impressions of Modern Foundry Practice. H. Lowe. 
(Foundry Trade Journal, 1939, vol. 60, Feb. 2, pp. 118-119). The 
author describes and discusses the equipment and technique em- 
ployed in a modern foundry with particular reference to moulding 
machines and the use of mechanical conveyors for sand. 
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Precision Production of Metal Patterns and Core Boxes. (Foundry 
Trade Journal, 1939, vol. 60, Feb. 9, p. 133). A description is 
given of the Kellor automatic machine, which is available in several 
sizes for making patterns up to 36 in. long at one setting. With 
this machine duplicates of a master pattern or core box can be 
rapidly reproduced with a high degree of accuracy. 

What Happens to a Core ina Core Oven. J. Willsea. (Trans- 
actions of the American Foundrymen’s Association, 1938, vol. 46, 
pp. 739-750). In this paper, which also appeared in Industrial 
Heating, 1938, vol. 5, Sept., pp. 823-826, the author explains the 
effects of moisture on the permeability and strength of cores and the 
mechanism of the process of drying. (See p. 145 a). 

Steel Casting Design for the Engineer and Foundryman. C. W. 
Briggs, R. A. Gezelius, and A. R. Donaldson. (Transactions of the 
American Foundrymen’s Association, 1938, vol. 46, pp. 605-671). 
The authors discuss the theoretical and practical considerations 
which affect the design of steel castings, and draw up, on the basis 
of these, a code of rules for the guidance of the engineer. The dis- 
cussion brings out how the technique of the foundry, such as “‘ con- 
trolled directional solidification,’ proper gating and heading, and 
the use of chills and relieving blocks, may be applied to ensure the 
production of sound castings. 

Shop Problems in Low-Carbon Iron. A. P. Lee. (Foundry, 
1938, vol. 66, Dec., pp. 26, 27, 72; 1939, vol. 67, Jan., pp. 28-29, 
74). The author discusses some aspects of foundry technique 
which require particular attention in the casting of low-carbon 
iron. 

Examples of Loam Moulding. R. D. Lawrie. (Institute of 
British Foundrymen: Foundry Trade Journal, 1939, vol. 60, Feb. 2, 
pp. 115-117; Feb. 9, pp. 139-140). After mentioning the type of 
work for which loam moulding is suitable, the author describes the 
technique employed in the preparation of the mould for making a 
boring bar 36 in. in dia. and 56 ft. long which was made up from two 
separate castings, one 31 ft. and the other 25 ft. long. In the second 
part of the paper the author describes the preparation of the mould 
and core and the casting of two 90° bends for exhaust steam, measur- 
ing approximately 14 x 9 ft. in section and weighing 25 tons each. 

Proposals for Making the Pattern and Cores for an Air-Compressor 
Cylinder. (Giessereipraxis, 1939, vol. 60, Jan. 1, pp. 13-17). 
Details are given together with diagrams of the design and manufac- 
ture of the patterns and cores for casting an air-compressor cylinder 
420 mm. long with a bore of 240 mm. 

Handling Moulds and Castings by Overhead Materials Handling 
Equipment in the Small Foundry. A. F. Anjeskey. (Transactions 
of the American Foundrymen’s Association, 1938, vol. 46, 
pp. 758-766). The author describes and illustrates the conveyor 
equipment at an American foundry producing 11,000 finished small 
castings in an 8-hr. day. 
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Unit Cooling Pits. RK. Bingham. (Iron Age, 1939, vol. 1438, 
Feb. 2, pp. 46-47). The author discusses the advantages and 
disadvantages of three types of pit used for the gradual cooling of 
wheels for railway rolling stock. These are the sand-filled group pit, 
the high-heat-capacity checkerwork pit and the low-heat-capacity 
pit. He gives reasons why he considers the last-named to be the 
best and gives details of its construction and the rate of cooling 
usually adopted. 

The Development of Blowers for Sand Blasting, and Silicosis. 
D. Kleditz. (Giesserei, 1939, vol. 26, Jan. 27, pp. 27-88). By 
means of descriptions, diagrams and illustrations, the author traces 
the development of the use of sand blast for cleaning castings. In 
the second part of this paper the author discusses the protective 
clothing, air-cleaning appliances, masks, and the German regulations 
for the prevention of silicosis. 

Accidents Due to Burns at Furnaces, especially in Foundries, and 
their First Treatment. F.Paschke. (Giessereipraxis, 1939, vol. 60, 
Jan. 15, pp. 27-80). An account is given of the method of treating 
severe burns (such as those caused by splashes of molten metal) 
using tannin solution which was developed by Dr. Davidson at 
Detroit. 
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PRODUCTION OF STEEL 





(Continued from pp. 212 a-215 a) 


Developments in the Iron and Steel Industry during 1938. W.H. 
Burr. (Iron and Steel Engineer, 1939, vol. 16, Jan., pp. 68-83). 
In this review the author outlines developments which have taken 
place in the iron and steel industry during 1938. The principal 
items of interest are: (a) Improved mechanism for operating 
blast-furnace bells, (6) increased use of instruments on open-hearth 
furnaces, (c) improvements in the design of heat-treatment furnaces, 
(d) a powdered material applied to the top of an ingot after teeming 
to assist the escape of gases, (e) the application of oil and tar as 
fuels for reheating furnaces, (f) the manufacture and use of com- 
posite rolls, (g) automatic and semi-automatic rapid screwdowns, 
(h) increased efficiency of mill motors and electrical equipment, 
(t) increased application and efficiency of conveyor equipment, 
and (j) a new electric resistance method of welding. (See “ Union- 
melt Welding,” p. 284 a). 

Well-Known British Steelmaking Firms—No. 1, Brown, Bayley’s 
Steel Works, Ltd. (British Steelmaker, 1939, vol. 5, Feb., pp. 52-55). 
An account is given of the growth of Brown, Bayley’s Steel Works, 
Ltd., of Sheffield from the company’s foundation in 1870 to the 
present time, and the present plant for the production of stainless 
steel is described. 

Allegheny-Ludlum Steel Corporation—Eastern Plants. C. 
Longenecker. (Blast Furnace and Steel Plant, 1939, vol. 27, Jan., 
pp. 83-92, 118). The author describes the plant and processes of 
the works which belonged to the Ludlum Steel Co. before its amalga- 
mation with the Allegheny Steel Co. Since 1910 the company has 
manufactured steel in electric furnaces of its own design. It now 
operates one 10-ton and two 9-ton basic-lined furnaces in which 
the three electrodes are placed in line, and two smaller furnaces for 
experimental purposes. Particulars of the rolling mills, the forge, 
the heat-treatment and finishing departments and the wire mills are 
also given. 

Influence of the Weight of the Charge on the Output of an Open- 
Hearth Furnace. B. Kitaev. (Stal, 1938, No. 7, pp. 26-28). (In 
Russian). The author criticises the formula : 

P = 40(Q — q)K 
where P is the output in tons per day, Q the maximum heat input 
into the furnace during the introduction of the cold charge in 
millions of calories per hr., g the heat (in the same units) which would 
be lost from the empty furnace, and K the coefficient of utilisation 
1939—i T 
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of the fuel. This formula was put forward by Semikin, and it is 
pointed out that it makes the output independent of the weight of 
the charge. By further development of the above formula, the 
author arrives at the following expressions : 

38-8q, 
Yo }. 
T 18+ 1 


P= 


where gq, is the amount of heat (in millions of calories per hr.) taken 
up by the charge on introduction into the furnace and 7' the weight 
of the charge in tons, and : 

560 .v 


v 
mp 26+ 1 


P= 


where v is the rate of addition of the charge in tons per min. These 
expressions hold for the process in which scrap and cold pig-iron are 
used and it is assumed that during each heat there is a period of 1 hr. 
during which practically no external heat is applied to the charge. 

New Methods of Controlling the Quality of Steel During Melting. 
V.M.Zamoraev. (Metallurg, 1938, No. 6, pp.51-55). (In Russian). 
The author points out the importance of deoxidising and degasifying 
steel and their relation to its properties. He distinguishes between 
“* organic ”’ and “‘ active ’ deoxidation and degasification, the former 
taking place without the formation of a dispersion phase, whilst 
active deoxidation and active degasification both result in the 
formation of a non-metallic dispersion phase. He points out that 
the relative degrees of “ organic’ and “active ” deoxidation have 
an effect on certain properties of the steel, which may thus be 
different for steels with the same degree of total deoxidation. Thus, 
for example, the ductility of a steel increases with increasing degree 
of ‘“‘ organic ” deoxidation. He describes a method of determining 
the latter (i.e. the iron oxide content immediately before the addition 
of deoxidisers) by deoxidising a series of melts of steel with aluminium 
and noting the amount of aluminium required just to kill the steel, 
and suggests some methods of controlling the extent of “ organic ” 
and “ active ’’ deoxidation during the steelmaking process. 

Survey of Data on Melting Control with the Object of Improving 
the Technique and Reducing the Scrap. A. Kaplan. (Metallurg, 
1938, No. 6, pp. 67-69). (In Russian). The author presents data 
and graphs relating to the melting of 214 heats of ball-bearing steel 
under a “ white ” slag and 342 heats under a carbide slag. These 
data show the number of oxide, sulphide and carbide inclusions in 
each case, as well as the porosity of 800-kg. and 400-kg. ingots. 
Generally speaking, he finds that there are less non-metallic inclusions 
when working with a carbide slag. 

The Surface Reaction Method—A New Process for Producing 
Steel. W. Engel and N. Engel. (Ingeniorvidenskabelige Skrifter, 
1938, B, No. 10). The authors present a detailed report of their 
experiments using a 3-kg. and a 25-kg. H.F. induction furnace, 
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during which they examined the possibilities of making steel direct 
fromore. An initial charge of white iron was melted, and the surface 
of this molten metal was used as the seat of the reactions by which 
the ore was reduced and the iron carburised, the product being 
subsequently refined. In the first experiments data were obtained 
as to the surface velocity of the metal towards the centre, the most 
suitable grain size for the ore, carbon and limestone, and the rate at 
and sequence in which these materials should be added. From this, 
equipment was devised by which a continuous stream of the raw 
materials was allowed to fall on to the molten metal, and an outlet 
with a slag trap was arranged by which the product could be run off 
and easily separated from the very frothy slag. The authors suggest 
that on an industrial scale it would be more economic to refine the 
product in a separate furnace. In considering the application of the 
process on an industrial scale, the authors present detailed estimates 
of the capital, production and maintenance costs for plants com- 
prising eight 14-ton, four 4-ton, four 6-ton, and four 10-ton electric 
furnaces which would produce 3690, 3900, 5340, and 7740 tons of 
steel per annum respectively. The ease with which the same kind 
of iron, which would be produced continuously in one furnace, could 
be worked up into a special iron in a second furnace, into a steel for 
casting in a third, and into a forging or other special steel in a fourth, 
is claimed as one of the advantages which makes the process suitable 
for industrial conditions in Denmark. 

Production of Rimming Steel for Steel Boiler Plates. Ya. 
Shneerov, S. Fetisov, and A. Lopatin. (Stal, 1938, No. 7, pp. 
16-26). (In Russian). An examination of the data of 100 heats 
was made to discover the causes of defects (oxide films and slag 
inclusions) in 10-40-mm.-thick plate rolled from ingots weighing 
33-6 tons. The number of defective sheets was found to be 
65% less when the teeming of the ingots had been normal than 
when teeming had been abnormal and accompanied by spurting 
of the metal. The behaviour of the steel during teeming, and 
consequently the quality of the sheet, was influenced by the duration 
of the carbon boil, by the carbon content on melting, and by the rate 
of oxidation of the carbon. Spurting of the metal during teeming 
was due partly to dissolved gases (mainly hydrogen) and partly 
to the degree of oxidation of the metal. The effect of the hydrogen 
was not eliminated by additions of aluminium. The gas content 
could be reduced by a long boil, and this was favoured by a rapid 
burning away of the carbon, which at the same time prevented 
oxidation of the metal. Under the conditions existing at the works 
at which the investigation was carried out, the best results were 
obtained with a carbon content, after melting, of 0-9-1:3%, by 
removing carbon at a rate of 0-45-0-5% per hr. and with a carbon 
content before tapping of 0-2%, which meant a boil lasting 14-2 hr. 
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(Continued from pp. 217 a—219 A) 


Describing a New Process of Revolutionary Wire Drawing. 
(Wire Industry, 1939, vol. 6, Feb., pp. 81-85). A description and 
several illustrations of the ‘‘ Statabloc’’ wire-drawing machine 
invented by C. A. Barron is presented. The essential feature of the 
machine is that the die is mounted on a revolving drum, and traverses 
a circular path round a stationary block on which each newly formed 
coil of wire pushes the preceding coils on to a collecting holder, 
which can be removed when full and a new holder substituted without 
stopping the machine. It has been demonstrated that the labour 
cost of operating this machine is much less than that of the old type, 
that the power required is less, that the wire can be gauged while 
the machine is in operation, and that the element of danger to the 
operator is practically non-existent. 

Reactive Wire Drawing. H. A. Stringfellow. (Wire and Wire 
Products, 1939, vol. 14, Feb., pp. 108-109). The author enumerates 
and discusses the claims made for the Smith-Stringfellow reactive 
wire-drawing block which was patented in America in November 
1938. This patent covers a process of applying a back pull to the 
wire passing through a die. With it the back pull is not main- 
tained at a constant value, but the ratio of the back pull to the for- 
ward pull is constant and the load imposed on the die automatically 
determines the amount of back tension. He claims that using this 
drawing block increases the life of the die and produces wire with 
uniform physical properties. 

Some Aspects of the Patenting Process. G. K. Rylands. (Wire 
and Wire Products, 1939, vol. 14, Feb., pp. 103-106, 130). The 
author describes with the aid of micrographs some of the changes 
in the grain size and structure of steel wire which are brought about 
by the process of patenting. 

Wire for Steel Cables. (Wire and Wire Products, 1939, vol. 14, 
Feb., pp. 110-111). A brief description is given with illustrations 
of the wire-drawing plant, “ air-patenting ” and “ lead-patenting ” 
furnaces, and galvanising equipment of E. H. Edwards Co., of San 
Francisco. All the furnaces are heated with natural gas as fuel. 
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ROLLING-MILL PRACTICE 





(Continued from pp. 220 a— 222 a) 


The Deformation-Resistance and Spread when Rolling and Pressing 
Material of Uniform and Non-Uniform Hardness across the Section. 
OQ. Emicke and H. Benad. (Archiv fiir das Eisenhiittenwesen, 
1939, vol. 12, Feb., pp. 365-380). The authors describe their 
investigation of the deformation by rolling and pressing of specimens 
of lead and lead-antimony alloys in the cold state. The hardness of 
the specimens was equivalent to that of steel between 850° and 
1180° C., and in some cases the hardness was uniform across the 
section, in other cases, by making up composite specimens, the degree 
of hardness changed from surface to core. The data obtained are 
evaluated and presented in the form of graphs and three-dimensional 
diagrams. The authors discuss the relationship between the re- 
duction in height, the ratio of billet thickness to roll diameter, and 
the speed of rolling, and, by applying the results obtained to steel, 
they test the validity of the rolling formula of Siebel, Tafel, and 
Sedlaczek, and find that they are in close agreement with it. 

Contribution to the Evaluation and Increase of the Efficiency of a 
Steelworks, especially Rolling Mills. M. Forster. (Archiv fiir das 
Kisenhiittenwesen, 1939, vol. 12, Feb., pp. 413-421). The author 
discusses the methods of estimating the costs and efficiency of pro- 
ducing rolled steel, the principal unit used in his calculations being 
the “sequence period”; this unit represents the time. which 
elapses in the manufacture of a series of articles from the com- 
mencement of a process on one article until the commencement 
of the same process on the next article. He gives examples of the 
application of his efficiency calculations to the cold shearing of slabs, 
the rolling of billets in an intermediately placed mill, and the rolling 
of slabs and rails in a reversible mill. 

Improving the Service Conditions of Rolling-Mill Rolls. V. Tro- 
fimchuk. (Stal, 1938, No. 7, pp. 41-47). (In Russian). The author 
presents some instructions relating to the operation of blooming, 
section, sheet, and wire mills. ‘These demonstrate the best methods 
of storing and transporting the rolls. He points out some causes 
of fractures and surface defects in rolls and their prevention. 

Roll-Neck Bearings of Pressed Synthetic Resin. J. Arens. 
(Stahl und Eisen, 1939, vol. 59, Feb. 23, pp. 213-224). After 
considering the general properties of synthetic-resin bearings and 
comparing the properties of the German bearings as shown in 
DIN 7701 (German Engineering Standard) with those of some 
American and’ English bearings, the author discusses the details of 
the design of synthetic-resin bearings for rolling mills. He deals 
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next with the lubrication and cooling, and concludes by considering 
the reasons for and against the replacement of the metal bearings 
in various types of hot and cold mills by synthetic-resin bearings. 

Suitability of Roller Bearings for Very Heavy Loads. H. Meyer. 
(Zeitschrift des Vereines deutscher Ingenieure, 1939, vol. 83, Jan. 
28, pp. 99-104). The author discusses the advantages of changing 
over from plain to roller bearings by quoting, with numerous 
illustrations and diagrams, some actual changes which were made 
in rolling-mill stands, roller-trains, and rotary kilns at a German 
steelworks. 

The Lubrication of Modern Rolling-Mill Stands. N. Milovidov. 
(Stal, 1938, No. 7, pp. 27-41). (In Russian). The advantages of a 
centralised pressure lubrication system using grease or oil are pointed 
out, and the author goes on to consider the choice of lubricants 
suitable for reduction gears and roller and plain bearings. He 
makes special reference to the lubricants available in Russia, and 
compares these with those developed and used in the United States. 

Design of Modern Slabbing-Blooming Mills. L. Iversen. (Iron 
and Steel Engineer, 1939, vol. 16, Jan., pp. 20-27). The author 
discusses the trend in the design of American mills for rolling blooms 
and slabs as evidenced by plant recently installed. He deals also 
with ingot conveyors, slab shears, and the electrical power equipment. 

Developments in Rolling Flat Steel Products in 1937-1938. S. 
Badlam. (Iron and Steel Engineer, 1939, vol. 16, Jan., pp. 28-51). 
The author describes the development of the continuous rolling of 
sheet and strip at American steelworks during 1937-38 by giving 
a list of the companies operating the total of 28 mills which now 
have a total annual capacity of 15,000,000 tons. Under each 
company are given brief particulars of the sizes and capacities of the 
mills and mill motors. 

Irvin 80-in. Mill has Annual Capacity of 600,000 Gross Tons. 
(Blast Furnace and Steel Plant, 1939, vol. 27, Jan., pp. 73-77). 
A detailed and illustrated description is given of the hot-strip mill 
and the finishing department at the Irvin Works of the Carnegie- 
Illinois Steel Corporation. (See p. 157 a). 

The Development of Electric Rolling-Mill Drives. M. Fischer. 
(Stahl und Eisen, 1939, vol. 59, Feb. 16, pp. 186-196). After 
reviewing the history of the use of electric motors for rolling-mill 
drives, the author proceeds to a detailed discussion of modern types 
of mill motors and their control, from both the technical and economic 
points of view. He presents torque-time graphs for the rolling of 
15-cwt. billets to sheet bars in a three-stand mill, and, using these, 
shows the influence of different flywheel weights upon the mill- 
motor design and on the peak loads. He discusses also the ad- 
vantages of the Leonard control for reversible motors, the current 
consumption of the above three-stand mill, the advantages of a 
grid-controlled rectifier as compared with a rotary transformer, 
the use of separate D.C. motors for driving roll trains, the control of 
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Ilgner motor-generator sets, and the relationship between the distance 
between roll stands and the speed of rolling. In the concluding 
part of his paper he considers various methods of controlling the 
mill-motor speed. 

The Development of Rolling-Mill Drives Controlled by Rectifiers. 
H. Bauer. (Stahl und Eisen, 1939, vol. 59, Feb. 16, pp. 196-201). 
The author gives some instances of the use of rectifiers for controlling 
mill motors at a number of German works, and then describes in 
detail the installation at the Hermine Works of the Vereinigte 
Oberschlesischen Hiittenwerke of two rectifiers to control the 
4000- and 3000-h.p. motors which drive the roughing mill and the 
intermediate mill, respectively. He considers the technical and 
economic advantages of this method of control, showing that with it 
the surges in the current supply system can be limited to a greater 
degree than when transformers are used. 

The Development of Rolling-Mill Drives from the Constructional 
and Economic Point of View. L. Engel. (Stahl und Eisen, 1939, 
vol. 59, Feb. 16, pp. 173-181). The author discusses the develop- 
ment of the high-speed reversible steam-engine for rolling-mill 
drives, and compares the latest design of engine with the older types, 
especially with regard to capital cost, running cost, floor space 
required, and ease of control. He refers to the utilisation of the 
exhaust steam for heating or for the production of electricity, and 
shows how the intermittent power requirements of the mill can be 
met by a suitably designed boiler. 

The Mill on the Hill—An Achievement in Materials Handling. 
F. Juraschek. (Iron Age, 1939, vol. 143, Feb. 2, pp. 31-36). The 
author describes and presents numerous illustrations of the conveying 
equipment at the strip-mill at the Irvin Works of the Carnegie- 
Illinois Steel Corporation near Pittsburgh. This equipment 
includes 50 overhead cranes, 1600 ft. of chain conveyors, 5500 ft. 
of roller conveyor, 42 electrically driven lorries, several tractors, six 
stack carriers of special design, and 12 sheet grabs and 8 magnets 
for use with the cranes. 

Reel Improvements. J. F. Spellacy and T. L. Burrell. (Steel, 
1939, vol. 104, Jan. 30, pp. 47-48). The authors describe three 
devices which improved the efficiency and safety of a hot-strip 
mill. The first is a strip coiler synchronised with the last mill- 
stand; the second is a position indicator with a large dial which 
shows the exact position of the cam controlling the opening and 
closing of the reel rolls, and the third is the substitution of a hand- 
operated guard-changing device by a motor-driven one; the former 
was used for changing the side guards at the scale-breaking machine 
to suit a change in the size of the slab. 
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(Continued from pp. 98 a—99 A) 


The Measurement of Temperature. E. C. Rollason. (Metal- 
lurgia, 1938, vol. 18, Oct., pp. 203-205; vol. 19, Nov., pp. 15-16). 
The author explains the theory of thermocouples for temperature 
measurement, describes the characteristics of certain thermo- 
couple wires, the millivoltmeter and the potentiometer, and discusses 
the errors which may arise when using them. In the second part 
of his paper he explains the principles of radiation and optical 
pyrometers. 

Teeming Temperatures. E. H. Waldman. (Steel, 1938, vol. 
103, Nov. 21, pp. 44-45). The author considers the use of the optical 
pyrometer as an instrument of control for improving open-hearth 
practice, and gives details of the particular stages in the melting 
and teeming processes when temperatures should be taken and 
recorded. 

New Thermo-Electric Pyrometers. B. Kinkul’kin. (Stal, 1938, 
No. 6, pp. 15-18). (In Russian). In addition to surveying previous 
work, the author describes his own experiments on the character- 
istics of carbon/silicon-carbide, carbon/high-melting-point metal and 
high-melting-point metal/alloy thermocouples. The thermocouples 
were subjected to tests under laboratory and service conditions. 
When testing the carbon/silicon-carbide thermocouples, by placing 
arod of silicon carbide fitted into a carbon cylinder in an air stream at 
700-750° C., the author investigated the efficiency of a number of 
protective coatings. A coating consisting of a mixture of aluminium 
oxide and waterglass was found to be the best for preventing the 
oxidation of the carbon. The metallic thermocouples consisted of 
combinations of alloys of the stellite type with platinum or with 
alitised constantan, molybdenum, and tungsten wires. These 
thermocouples could be used at temperatures up to 1200°C. At 
the latter temperature the best thermocouple was found to be a 
stellite/VZK-alitised molybdenum combination which produced an 
e.m.f. more than twice that produced by the platinum/platinum- 
rhodium thermocouple. 
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HEAT TREATMENT 


(Continued from pp. 223 a—225 a) 


Gas Carburising with Pure Propane. IF. P. Peters and M. G. 
Farrar. (Metals and Alloys, 1939, vol. 27, Jan., pp. 13-17). After 
considering the relative merits of various methods of case-hardening, 
the authors discuss the use of “‘ Pyrofax ’’—a liquified hydrocarbon 
gas composed almost entirely of propane. They describe the furnace 
and retort used by the Frick Co. for case-hardening gudgeon pins in 
which a mixture of one part of propane with two parts of air is used, 
and present data relating to the temperature, time, gas consumption, 
and weight of charge. 

The Réle of Nickel in Case-Hardening Steels. (Centre d’Infor- 
mation du Nickel, Series B, No. 10). The heat treatment 
and case-hardening properties of steels containing 2%, 3%, and 
5-6% of nickel with and without additions of chromium and 
molybdenum are discussed with particular reference to American 
practice. 

Nitriding and Metallic Cementation. L. Persoz. (Métaux, 
1936, vol. 11, Dec., pp. 287-289). In discussing the nitriding of 
carbon and alloy steels, the author shows that the latter harden 
much more readily than the former, and that the nitrides of the 
alloying elements are much more stable than iron nitride. He finds 
that the affinity of a number of elements for nitrogen decreases in 
the following order: Aluminium, titanium, vanadium, chromium, 
tungsten, manganese, iron. 

Investigation of the Cyaniding of High-Grade Steel. D. A. 
Poroshkin and V. S. Tsaregorodtsev. (Metallurg, 1938, No. 7-8, 
pp. 28-39). (In Russian). The authors describe some experiments 
on the cyaniding of steel containing carbon 0-74%, chromium 
402%, tungsten 18-4% and vanadium 1-27%, which had been 
subjected to quenching and a double tempering treatment. The 
cyaniding was effected by immersion for different periods using 
three baths: (a) 90% sodium cyanide at 560°C. for 15 min. to 
6 hr., (b) a mixture of 47% of potassium cyanide and 53% of sodium 
cyanide at 560-520° C. for 15 min. to 2 hr., and (c) a mixture of 
90% of K,Fe(CN), 4- 8-10% KOH at 560°C. for 15, 30, 45, and 
120 min. The surface layers obtained using bath (c) were 
slightly thinner and their hardness was slightly less than those of 
layers obtained in the straight cyanide baths, but the K,Fe(CN), 
bath had the advantage of being non-poisonous. The addition of 
10% of potassium hydrate lowers the melting point of the K,Fe(CN), 
from 625° to 520-525° C., and thus makes it suitable for the treat- 
ment of high-speed steel. The authors carried out experiments on 
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the composition of the surface layers obtained by the cyaniding of 
high-speed steel and Armco iron, and the results confirmed that with 
both these materials carbon as well as nitrogen were diffused into the 
surface. In conclusion they report briefly on the life of some milling 
cutters which had been treated in baths of different compositions. 

The Electric Surface-Hardening of Machine Parts. I. V. Burgs- 
dorf and M. B. Makogon. (Metallurg, 1938, No. 7-8, pp. 9-21). 
(In Russian). The authors consider two methods of surface- 
hardening developed in Russia by Geveling and Vologdin, re- 
spectively, and quote some experimental results. The Geveling 
method was used to harden tractor gearwheels. The wheel was 
rotated in a lathe. Suitable disc-shaped copper contacts were 
pressed on each side of the gearwheel and moved crosswise, 
describing a close-pitched spiral on the surface of the gearwheel. 
The hardening resulted from the heat generated on the surface of 
the gearwheel by the friction and subsequent rapid quenching by 
means of a water or emulsion spray. They studied the hardness, the 
depth, and the microstructure of the hardened layer, which consists 
of the overlapping spiral path traced by the copper disc. The 
method is not considered to be sufficiently developed for practical 
application. The authors describe the application of the Vologdin 
method, which makes use of a H.F. current, for the hardening of 
crankshafts, the properties of which they regard as satisfactory. 
A uniformly hardened layer 3-0-3-5 mm. thick is obtained, and the 
deformation of the parts does not exceed that resulting from other 
methods of surface hardening. 

The Influence of Sulphurous Gases on the Formation of Scale 
During Heat Treatment. B. A. Morozov and A. V. Tursunov. 
(Metallurg, 1938, No. 7-8, pp. 22-26). (In Russian). In the heat 
treatment of steel containing 4% of nickel and 1% of chromium it 
was shown that an “ exfoliation”’ type of scaling took place at 
800-860° C. in an oxidising atmosphere containing 0-025% of sulphur. 
This did not take place in the absence of free oxygen, but a marked 
accumulation of sulphur in the surface of the metal was observed 
when the sulphur content was raised to 0-05-0-:1%. Although 
“ exfoliation ” could be prevented in an oxidising atmosphere by 
reducing the sulphur to below 0-025%, excessive scaling, due to 
oxidation, would still take place. The use of fuel oil containing 
not more than 0-5% of sulphur should ensure freedom from surface 
defects from sulphurous gases in the combustion products. 

Annealing Cold-Rolled Strip. (Iron Age, 1939, vol. 143, Feb. 2, 
p. 45). A brief description is given of an electrically heated con- 
tinuous annealing furnace designed for annealing several parallel 
6-in. strips of cold-rolled steel, or a single strip up to 30 in. wide. 
The furnace is normally worked at 1750° F., and as the strip leaves the 
furnace it is sprayed with water at 190° F. The equipment is rated 
at 275 kW. and has a throughput of 2000 Ib. per hr. 

Annealing “ Stickers.” (Steel, 1939, vol. 104, Jan. 9, pp. 41-42; 
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Jan. 23, pp. 52-54, 58). The causes of the sticking together of sheets 
during the process of annealing are considered in these two articles. 
It has been found that more sticking occurs in packs of sheets than 
in coils of strip. The factors which affect the percentage of 
“stickers”’ among cold-reduced sheets are the annealing temperature, 
the annealing time, the pressure, and the surface finish. At some 
sheet mills the annealing temperature has been increased and the 
time decreased without any lowering of the physical properties, 
and this has reduced the occurrence of sticking. The pressure 
depends on the height of the pile, so that by limiting this height the 
tendency of the sheets near the bottom to stick is reduced. It is 
important to see that the base of the annealing chamber is perfectly 
flat, otherwise the pressure will be concentrated at one or more spots, 
which will increase the risk of sticking. Any buckled sheets to be 
annealed with flat sheets should be placed at the top of the pile. 
When preparing coils of strip for annealing, care must be taken that 
the eng of the coil on which it will stand is perfectly square, to ensure 
that its weight will be evenly distributed along the edge. 

Modern Tempering Furnaces. (Metal Treatment, 1938-39, 
vol. 4, Winter issue, pp. 156-157). A brief description is given of 
three American “ Cyclone ” tempering furnaces which incorporate 
a system of forced circulation. In a table a comparison is made of 
the dimensions, operating data, capital costs, depreciation, repairs 
and maintenance, and costs per hour and per 1000 lb. of material 
treated. 

Temper Hardening of Steel and a Theory of Tempering. S. A. 
Main. (Metal Treatment, 1938-39, vol. 4, Winter issue, pp. 158- 
164). The author refutes the theory of precipitation hardness 
which is commonly advanced as the explanation of the hardening 
experienced during the tempering of some quench-hardened steels, 
and offers his own explanation of this phenomenon when it occurs 
in nickel-chromium, nickel-chromium-molybdenum, and_nickel- 
chromium-molybdenum-vanadium steels. In developing his theory 
he discusses the following possibilities respecting the martensitic 
conditions of steel prior to tempering and its breakdown in tempering : 
(1) The carbon in the martensite may be in solution (a) as carbide 
and be precipitated as such, (b) as elementary carbon and be pre- 
cipitated as carbide, and (c) as elementary carbon, precipitated as 
carbon, but subsequently combining with the iron to form carbide ; 
or (2) the carbon in the martensite may be out of solution, (d) as 
carbide, or (e) as elementary carbon, but subsequently combining 
with the iron. After examining these postulates in turn, he shows 
that whether the carbon is in solution in the martensite or not 
remains in doubt, but that the true explanation of the hardening 
experienced during tempering is to be found in either (c) or (e). 
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(Continued from pp. 226 a—228 4) 


Labour-Saving and Safety Devices for Welding. H. Le Comte. 
(Zeitschrift des Vereines deutscher Ingenieure, 1939, vol. 83, Feb. 
25, pp. 237-243). The author describes an automatic acetylene 
generator which takes a 2-cwt. charge of carbide, a number of oxy- 
acetylene cutting machines, some electric-welding generators, 
welding accessories, and safety devices. 

A New Method of Welding. (Chemical and Metallurgical 
Engineering, 1939, vol. 46, Jan., pp. 24-35). “ Unionmelt” 
Welding. (Steel, 1939, vol. 104, Jan. 23, pp. 48-51). A description 
is given of an automatic electric-welding process now available in 
America. This can be applied to steel from 16-gauge to 3 in. in 
thickness, and a welding speed of 3-80 in. per min. can be obtained. 
In this process the groove and the end of the electrode are buried in 
a granulated material containing silica, lime, magnesia and 
alumina, which is fed down a tube which travels along the weld just 
in front of the electrode. This electrode is a wire fed from a coil at a 
predetermined rate. The granulated material, called “‘ Unionmelt,” 
is an insulator when cold but a conductor when molten, so that a 
ball of steel wool is used to start the welding action. The heat of 
the current melts the lower portion of the Unionmelt, and the upper 
portion blankets the welding action, so that no arc, sparks, or smoke 
are visible. On solidifying, a solid, glass-like slag is left covering 
the bead ; this cracks off on further cooling. The excess of Union- 
melt is recovered by a vacuum-recovery device, and can be used 
again. The machine can be used for material in a horizontal 
position or up or down a slope not exceeding 15° from the horizontal. 
Some examples of these welds are described, and a table shows the 
size and diameter of welding rod, the current consumed, and the 
welding speed when making butt welds in plates of various thick- 
nesses. 

Electrical-Resistance Welding. R. Salelles. (Revue de la 
Soudure Autogéne, 1938, vol. 30, Dec., pp. 565-570). The author 
discusses the applications, advantages, and disadvantages of four 
processes of butt-welding by the electrical-resistance method. These 
processes are: (1) The ordinary resistance method, in which the parts 
are lined up and in contact before the application of the current, 
(2) the direct-flash method, in which the current is switched on 
before the parts make contact, (3) the percussion method, in which 
the parts are forced together and the current is switched on at the 
moment of impact, and (4) the multi-stage process of flash welding, 
in which the parts are forced together and drawn apart several 
times before the final joint is made. 
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Electric Welding—Quantitative Considerations. J. T. Berg. 
(Welding Industry, 1939, vol. 7, Feb., pp. 8-10). The author 
describes some experiments from which he obtained data on the 
proportion of the metal in a coated electrode which actually went 
into the weld. The results showed that 82% of the metal was used 
in the weld, 12-59% was lost by spattering, and 4.5% was lost by 
oxidation. He also ascertained the amount lost when the welding 
was done in atmospheres of (a) ordinary air, (b) compressed air, 
(c) nitrogen, and (d) a mixture consisting of nitrogen 75% and 
hydrogen 25%. The data amounts lost were (a) 17-9%, (b) 183%, 
(c) 24:3%, and (d) 15-9%. 

The Welding of High-Tensile Structural Steel in Germany. E. H. 
Schulz and W. Bischof. (Transactions of the Institute of Welding, 
1939, vol. 2, Jan., pp. 3-12). After considering the reasons which led 
to the development of German structural steel St 52 and comparing 
its properties with those of steel St 37, the authors consider the 
selection of a suitable electrode for welding steel St 52. They 
present tables of the analysis and physical properties of this steel 
as well as tables in which the ultimate strength, notched-bar impact 
strength, bending strength, and fatigue strength of a number of 
joints welded with different kinds of electrode and subjected to 
different heat treatments are compared. They discuss some of the 
difficulties which were experienced in the welding of plate girders 
and give particulars of a large number of road and railway bridges 
in Germany which are made with plate girders of welded steel 
St 52. 

The Effect of Normalising on the Strength and Weldability of 
Structural Steel St 52. RK. Wasmuht. (Stahl und Eisen, 1939, vol. 
59, Feb. 23, pp. 209-212). As cracks had appeared in some 
welded girders of steel St 52 where the flanges were unusually thick 
and wide, an investigation was undertaken to determine what 
treatment could be carried out at the steelworks to improve the 
weldability of the steel, and the author presents the results in the 
present paper. The tests were made on specimens 20-50 mm. 
thick of the following analysis: Carbon 0-18%, silicon 0-4%, man- 
ganese 1:0%, chromium 0-3%, and copper 05%. The results 
showed that: (1) The best bend-test results were obtained from a 
normalised fine-grained steel, (2) the results of bend tests on speci- 
mens of weld metal depended greatly on the position from which the 
specimen was cut, and (3) a brittle and undeformed fracture of a 
weld-metal specimen was not obtained with fine-grained normalised 
steel. The author therefore concludes that it is perfectly safe to 
weld sections of steel St 52 which are over 30 mm. thick if the material 
has been normalised, and that the normalising improves both the 
strength and the weldability of this steel. 

Bubbling, Its Causes and Effects in Welding. D. Séférian. 
(Revue de la Soudure Autogéne, 1938, vol. 30, Dec., pp. 558-561). 
The author has studied the reactions which lead to the evolution of 
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gases during the solidification of weld metal. This gas, if trapped in 
the freezing metal, leaves scab-like eruptions, but if the bubbles have 
burst as the metal solidified, then craters are left. Their formation 
does not depend on the skill of the welder, but on the composition 
of the metal and the flux. This trouble can be prevented by using 
a reducing flux such as ferro-silicon, and by using welding-rods or 
electrodes of steel with a very low carbon content. 

The Inspection and Testing of Welded Pressure Vessels. H. H. 
Harris. (Welding Industry, 1939, vol. 7, Feb., pp. 31-36). The 
author discusses the problem of establishing a standard specification 
for welded pressure vessels, dealing first with the tensile testing of 
hand-welded and machine-welded specimens attached to the ends of 
the seams. He considers next whether test specimens should be 
stress-relieved together with the vessel or separately in a laboratory 
furnace ; quoting data obtained by averaging the results obtained 
from a large number of specimens, he shows that there was very little 
difference in the Izod values obtained, reduction of area, elonga- 
tion, and tensile tests, whichever procedure was adopted, but the 
manufacturers greatly preferred the laboratory method, because 
the results were available much earlier and, if unsatisfactory, would 
prevent a useless expenditure on the subsequent stages of manu- 
facture of the vessel. In the concluding part of his paper the 
author discusses the all-weld-metal tensile test, the transverse 
tensile test, bend, Izod, and density tests. In the author’s opinion 
macro- and micro-examinations cannot be clearly defined, and 
should not be included in test specifications. 

The Structure of Annealed Welds in Boiler Plate. H. Busch. 
(Mitteilungen aus den Forschungsanstalten des Gutehoffnungshiitte 
Konzerns, 1939, vol. 7, Jan., pp. 1-14). The new German regulations 
for welding provide for the subsequent annealing by stipulating that 
the whole welded article must be heated at a constant rate to a 
temperature above the upper transformation point, kept at that tem- 
perature for about 1 min. for every millimetre of thickness, with a 
minimum of 20 min., and then cooled. This procedure the author 
refers to as “standard annealing,’ whilst that of heating to a 
temperature below the lower transformation point, say to 600- 
650° C., he calls ‘‘ stress-relief annealing.” In this paper the author 
describes his investigation by microscopic and macroscopic examina- 
tions and mechanical tests, of the structure and properties of welds 
in boiler plate which were annealed by these two methods. He found 
that with standard annealing the change in structure between the 
base metal and the weld metal was sharply defined, whereas after 
stress-relieving the change was quite gradual. The mechanical 
properties were the same in each case. The results showed that 
there are good grounds for amending the regulations to permit stress- 
relieving, which is also a cheaper process. 

Causes of Cracked Welds. C. Stieler. (Canadian Metals and 
Metallurgical Industries, 1938, vol. 1, Dec., pp. 326-328). This is 
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an English translation of an article entitled “‘ Causes of the Suscepti- 
bility of Welding Seams to Cracking ” which appeared in Stahl und 
Eisen, 1938, vol. 58, Mar. 31, pp. 346-350. (See Journ. I. and §.I., 
1938, No. II., p. 24 a). 

Corrosion Resistance of Welded Joints in Steel. C. Holzhauer. 
(Zeitschrift des Vereines deutscher Ingenieure, 1939, vol. 83, Jan. 21, 
pp. 83-89). Asummary in German of a review by W. Spraragen and 
G. E. Claussen of the literature to Jan. 1, 1937, on investigations on 
the corrosion resistance of gas and arc welds in steel. This review 
appeared in Welding Journal, 1937, vol. 16, Aug., Supplement, 
pp. 1-44. (See Journ. I. and 8.1., 1938, No. I., p. 21 a). 
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(Continued from pp. 107 4-108 a) 


Taylor Speed and its Relation to Reduction of Area and Brinell 
Hardness. E. J. Janitzky. (Transactions of the American Society 
for Metals, 1938, vol. 26, Dec., pp. 1122-1131). The author explains 
how he has established an “ index of machinability ” for the rough 
turning of steels by plotting the ratio of the Brinell hardness 
number to the reduction in area as obtained in tensile tests against 
the Taylor speed. (The Taylor speed of a steel is that speed at 
which the steel can be machined by a standard tool, the tool lasting 
exactly 20 min.) He gives examples of these curves which demon- 
strate the change in the machinability of a number of steels which 
undergo the same reduction in area but have different Brinell hard- 
ness numbers. He shows that the ratio of the Brinell hardness 
number to the reduction in area is inversely proportional to the 
machinability as expressed by the Taylor speed. 

Iron and the Working-Up of Iron at the 1939 Technical Exhibition 
in Leipzig. F. Olk. (Stahl und Eisen, 1939, vol. 59, Mar. 2, pp. 
245-246). The author discusses some of the technical improvements 
in the processes and equipment for the finishing of iron and steel as 
demonstrated by exhibits at the 1939 Technical Exhibition in 
Leipzig. Improved high-speed drilling machines and also heat- 
treatment furnaces are worthy of special mention. 

The Introduction of the I.S.A. Fits in the German Industry. E. 
Gottschalk and W. F. Lutze. (Technische Mitteilungen Krupp, 
Technische Berichte, 1938, vol. 6, Dec., pp. 151-166). The authors 
discuss the German Engineering Standards DIN 7150-7166, by 
which Germany adopts the recommendations of the I.8.A. (Inter- 
national Federation of the National Standardising Associations) 
concerning fits and tolerances, and show how some of the German 
engineering concerns have incorporated the new standards in their 
work and specifications. 

Machinability Determination by Measuring the Cutting Tempera- 
ture and the Wear of Tools. H. Schallbroch, H. Schaumann, and 
R. Wallichs. (Deutsche Gesellschaft fiir Metallkunde, General 
Meeting, June, 1938, pp. 34-38). The authors describe some 
methods of determining the cutting temperature and the wear of 
lathe tools, and develop equations by which the machinability of 
steels may be calculated. 
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CLEANING AND PICKLING OF METALS 





(Continued from p. 168 A) 


Hydraulic Descaling System for Republic Steel Corp.’s New 98-in. 
Strip Mill. J. M. Main. (Iron and Steel Engineer, 1938, vol. 15, 
Sept., pp. 33-36). Hydraulic Descaling Equipment. (Iron and Coal 
Trades Review, 1939, vol. 138, Jan. 6, p. 16). A detailed description 
is given of the layout of the hydraulic equipment which provides 
high-velocity water-jets for descaling the slabs at the new strip mill 
of the Republic Steel Corporation, Cleveland, Ohio. Particular 
attention has been paid to the prevention of water hammer. 

Metal-Cleaning and Finishing Economics. F. Juraschek. (Iron 
Age, 1939, vol. 143, Jan. 26, pp. 21-28, 48). This article is an 
introduction to a new series on the economics of metal cleaning and 
finishing and in it the author presents a chart which forms a guide 
to the cleaning and finishing of metals. In this chart the processes 
are classified under the following headings: (1) Pre-cleaning, (2) 
cleaning, (3) descaling, (4) primary polishing, (5) basic finishes, (6) 
metallic coatings, (7) polishing, (8) applied finishes, and (9) colouring 
of metals. Each of these nine sections is subdivided by the sub-titles, 
(a) purposes, (b) methods, and (c) equipment. The whole thus 
provides a basis for the discussions which will form the series. 

A New Process for Treating Waste. from Steel Pickling Plants. 
M. J. Rentschler. (Iron and Steel Engineer, 1939, vol. 16, Jan., 
pp. 52-57). The author describes a process now being used by the 
Sharon Steel Corporation for making a saleable product from spent 
pickling liquor. The liquor is stored in a large reservoir containing 
several days’ supply. From there it is pumped into small agitating 
tanks containing about 2000 gallons. Crushed rock quick-lime is 
fed by gravity into a 1500-gal. mixing tank, where it is slaked with 
water. A small quantity of fibre in the form of ground newsprint 
is added to the liquor, which is then diluted until it contains about 
5% of iron sulphate and 2% of acid. The milk of lime is then added 
to the diluted liquor in the agitating tank until the acid is com- 
pletely neutralised and the iron is all precipitated as iron hydroxide. 
The mixture in the tank now has the consistency of thick soup. 
This is-forced through filter-presses, from which a press-cake mass is 
recovered. This material is passed through a pug mill, pressed into 
blocks, and dried. The finished product, known as “ Ferron,”’ is a 
very useful building material with excellent heat-resisting and 
acoustic properties. The author explains the chemical reactions, 
and presents data relating to the strength of the solutions, the 
consumption of quick-lime, the quantity of Ferron produced, and 
the approximate costs. 
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(Continued from pp. 169 a—172 a) 


Protective Coatings on Metal Surfaces. A. Foulon. (Metall- 
wirtschaft, 1939, vol. 18, Feb. 10, pp. 128-129). The author dis- 
cusses recent patents dealing with pickling, the improvement of the 
adhesion of paints and lacquer, the coating of iron and steel by the 
Curtin Howe Corporation and the Parker Rust-Proof processes, and 
the application of oil, fat, and synthetic resin for the protection of 
steel. 

The Protection of Metal Surfaces. T.P. Hoar. (Metal Industry, 
1939, vol. 54, Jan. 13, pp. 83-89). The author presents a critical 
survey of the literature published during the past three years on the 
protection of metal surfaces. He divides the methods of protection 
into three groups: The use of alloying additions, non-metallic 
coatings such as oxide films, and metallic coatings. Paints, lac- 
quers, and enamels are not included in the review. A bibliography 
of 150 references is appended. 

Continuous Electroplating Plants. P.Mabb. (Metal Treatment, 
1938-39, vol. 4, Winter issue, pp. 190-192). The author discusses 
some of the difficulties met with in the operation of continuous 
electroplating plants, especially when articles of varying sizes, shapes, 
and sections, of different base metals and in varying quantities, are 
to be plated. He makes practical suggestions as to the technique to 
be adopted to obtain the most efficient working of the plant. 

Activated Carbon in Electroplating. W. A. Helbig. (Metal 
Industry, 1939, vol. 54, Jan. 20, pp. 119-121). The author discusses 
the use of activated carbon for the removal of colloidal impurities 
from solutions for bright nickel-plating. He describes the technique 
of the process and gives details of the exacting specification of 
properties with which the carbon must comply. 

A Consideration of the Standardisation of Electrolytic Metallic 
Coatings for Protection against Corrosion. M.Schlétter. (Schweizer 
Archiv fiir angewandte Wissenschaft und Technik, 1938, vol. 4, Oct., 
pp. 287-289). After referring to the standards adopted in the United 
States which lay down minimum thicknesses for nickel coatings, the 
author shows that the corrosion-resistance properties of a coating 
depend more on the condition of the surface prior to plating and the 
crystalline structure of the nickel than on its thickness. From the 
theories and experimental results discussed he demonstrates how 
difficult it is to arrive at any satisfactory standards with regard to 
the electrolytic plating of metals. 

Cadmium on Steel. E. C. Rinker. (Steel, 1939, vol. 104, Jan. 
30, pp. 44-46). The author describes the pickling and rinsing 
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equipment used to clean steel before the deposition of a cadmium 
coating. 

How is Steel Coated with Aluminium? O. Oscard. (Galvano, 
1939, Jan., pp. 21-23). The author describes briefly the following 
methods of coating steel with aluminium: (a) The cementation 
process, (b) spraying from a pistol, (c) painting, (d@) applying alu- 
minium leaf by heat and pressure, (e) electrolytic deposition, and 
(f) the hot bath process. 

Breakdown Phenomena in Alitised Coatings on Carbon-Bearing 
Iron. W. Baukloh and W. Boke. (Archiv fiir das Eisenhiitten- 
wesen, 1939, vol. 12, Jan., pp. 345—347). See p. 1694. 

Composite Metals Made by the Carbon Arc. KR. E. Kinkead. 
(Steel, 1939, vol. 104, Jan. 30, pp. 39-41, 68). The author describes 
a process by which slabs and billets of composite steel can be made. 
A layer of 0-40°% carbon steel can be “ welded” on to a slab of 
0:20% carbon steel, or a mild steel billet can be coated with a layer 
of 18/8 stainless steel, and the author points out that it is much more 
economical to apply a thick coating over a small area before rolling 
than to apply a thin coating over a large area on the finished sheet 
or strip. To apply a coating of 18/8 stainless steel, the slab is placed 
in a suitable pan and covered with a mixture of crushed ferro- 
chromium and nickel shot, the pan is filled up with waste slag from 
a furnace in which 18/8 stainless steel has been made. The whole 
is placed in a furnace and heated to 800°C. A carbon arc is then 
started and caused to travel backwards and forwards across the 
slab. The author discusses the adherence properties of the coat- 
ings and gives particulars of the costs of the process. 

Galvanized Coatings. F. L. Wolf and W. E. Renwick. (Iron 
Age, 1939, vol. 143, Jan. 19, pp. 30-35). The authors describe their 
efforts to find a satisfactory method of determining the thickness 
and degree of uniformity of galvanised coatings on castings and 
forgings of irregular shape. They come to the conclusion that there 
is no practical and satisfactory method of doing this, but suggest 
that visual inspection should be supplemented by the Preece test, 
which is test A90-33 of the American Society for Testing Materials. 

American Hot-Dip Galvanizing Practice. W.G.Imhoff. (Blast 
Furnace and Steel Plant, 1938, vol. 26, Nov., pp. 1085-1091; Dec., 
pp. 1174-1181). A continuation of a previous series, see p. 170 a. 
Continuing Part VIII, the author discusses the galvanising of buckets 
and ash-bins and presents a number of tables of operating data for 
galvanising baths heated by coal, coke, and gas. He concludes the 
section by pointing out the causes of some of the more common 
defects. In Part IX. the author describes the plant and equipment 
employed for the galvanising of bolts, washers, brackets, and other 
fittings used on telephone poles. (This part also appeared in Heat 
Treating and Forging, 1938, vol. 24, Dec., pp. 595-602.) 

Latest Designs of Sheet Galvanising Plant. (Sheet Metal In- 
dustries, 1939, vol. 12, Dec., pp. 1376-1377). A description is given 
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of the Aetna standard sheet galvanising equipment and process. 
Its principal features are the synchronised drive for the rolls, the 
accessibility of the various units, and the double-sideways oscillation 
given to the pickling crates. Outputs of 32-40 tons per 8-hr. shift 
are obtained on average sizes and gauges of sheets. 

High Speed Galvanizing. (Steel, 1938, vol. 103, Dec. 19, pp. 
62-63). A description is given of a kettle and other equipment of a 
high-speed galvanising unit. To supply heat a mixture of gas and 
air is directed at an angle into the interstices of a bed of loosely- 
piled lumps of refractory material on the floor of the combustion 
chamber. The hot gases then pass over a bridge wall and down 
a space between this and the side of the kettle. The heat transfer 
is balanced so that the top end of the kettle where the sheets enter 
receives the most heat. Some auxiliary equipment for a large 
galvanising unit is briefly described. This may include a lead 
pot for preheating rolls and a hot-metal “ holding ” furnace, for 
“holding ” a quantity of molten zinc when it is necessary to 
repair one of the units. 

Advantage of Depositing Zinc on Steel Sheets by Electrolytic 
Methods. (Sheet Metal Industries, 1939, vol. 13, Jan., pp. 73-75). 
A description is given of the plant and process developed by British 
Coated Sheets, Ltd., for the electrolytic deposition of zinc on steel 
sheets up to 8 ft. long by 3 ft. wide. The plant is in six sections, for 
pickling, mechanical scrubbing, washing, plating, final washing, and 
drying, respectively. It is claimed that steel sheets coated with 
zinc by this process are very suitable for stamping and pressing 
work, as the adherence is so good that the zinc does not flake off. 
Several other reasons for the superiority of this type of zinc coating 
are advanced and discussed. 

Zine is Anti-Corrosive. A. H. Stuart. (Paint Manufacture, 
1939, vol. 9, Feb., pp. 49-51, 57). The author describes some 
experiments by which he tested the corrosion-resisting properties 
of pure zinc on the surface of iron, of a zinc coating on a layer of 
iron-zine alloy, and of a coating applied by the ‘‘ Duraspray ”’ pro- 
cess, in which a priming coat of red lead in oil is first applied and, 
while this is still tacky, zinc dust is sprayed on with dried com- 
pressed air. He found that a film of zinc, insulated by an oil film or 
otherwise, is capable of protecting an iron surface from corrosion 
and such a coating does not possess the brittle iron-zinc alloy film 
found in galvanised iron. When a rupture does occur in a zinc 
coating insulated by an oil film, corrosion is not so rapid as is the 
case when the zinc is in electrical contact with the iron. 

Calculation of the Area of Basis Metal Exposed at Discontinuities 
in the Tin Coating of Tinplate. W. E. Hoare. (International Tin 
Research and Development Council, 1938, Publication No. 86). 
The results of porosity tests on tinplates are usually expressed as the 
number of discontinuities in the coating occurring on unit area of 
sheet surface. In this paper the author describes and explains a 
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method of calculating the area of the base metal exposed at the 
pore sites. The calculation is based on the results of an experi- 
mental investigation of the effect of the thickness of the tin coating 
on the porosity, and on theoretical work on the size of non-reactive 
areas necessary to produce normal pores. The area of basis metal 
exposed is found to decrease regularly with increase of thickness 
of coating and is given by the expression : 





11 (yas —0-119 ) sq. mm. per sq. m., 


where Y is the thickness of coating expressed in pounds per basis box. 

Scientific Aids to Control in Vitreous Enamelling. J. G. Pearce 
and G. T. O. Martin. (Sheet Metal Industries, 1938, vol. 12, Dec., 
pp. 1417-1418 ; 1939, vol. 13, Jan., pp. 83-85). See p. 38 A. 

Electric Furnaces for Vitreous Enamelling. A. G. Robiette. 
(Foundry Trade Journal, 1939, vol. 60, Feb. 2, pp. 120-121). The 
author discusses and compares the advantages and disadvantages 
of batch and continuous electric enamelling furnaces. 

The Present Position of the Enamelling of Steel and Cast Iron. 
L. Vielhaber. (Stahl und Eisen, 1939, vol. 59, Jan. 5, pp. 8-12). 
The author considers the effect of the chemical composition and 
structure of the metal on its enamelling capacity as well as that 
which the change in structure brought about by the enamelling 
process has on the adherence properties. He describes a number of 
degreasing and cleaning processes, and gives details of the origin, 
composition, and characteristics of mixes for both ground and 
top coats. Improvements in the design and equipment of enamelling 
stoves are discussed, with special reference to the application of 
heat-resisting steels, and in conclusion the author considers the 
properties and applications of enamelled steel and cast iron. 

Phosphate Pre-Treatment in Finishing Sheet Steel Work. E. E. 
Halls. (Metal Treatment 1938-39, vol. 4, Winter issue, pp. 170- 
174). The author discusses the development of the process of 
phosphatising steel prior to enamelling since Coslett and Parker 
introduced phosphoric acid mixtures for immersion processes. A 
comprehensive table shows the extent to which phosphatising con- 
tributed to the durability of nine different types of enamel finishes 
on steel sheet as evidenced by salt spray tests and periods of exposure 
of from 3 to 100 days. 

Chemical Pre-Treatment Processes for Ferrous Metals. E. E. 
Halls.. (Machinery, 1938, vol. 53, Dec. 29, pp. 397-399). The 
author describes the process of phosphatising ferrous metals as a 
preliminary to painting or enamelling. The process depends on 
the formation of a layer of stable iron phosphate on the iron or steel 
surface. This coating is porous, crystalline, very absorbent, and 
adherent. He discusses the advantages and disadvantages of the 
process, and presents tables in which the rust-proofing, flexibility, 
and adhesion properties of enamel coatings applied to parts previously 
phosphatised as revealed by immersion or spray tests are evaluated. 
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(Continued from pp. 229 a—240 a) 


Material in Relation to Design Calculations. A. Thum. (Stahl 
und Eisen, 1939, vol. 59, Mar. 2, pp. 252-263). The author con- 
siders the functions of the steel producer, the tester and the designer, 
and discusses in detail some methods of presenting the results of 
tests so that the best use can be made of them. 

Static and Dynamic Material Testing. E. Siebel. (Deutsche 
Gesellschaft fiir Metallkunde, General Meeting, June, 1938, pp. 
11-15). After discussing the strength of brittle and elastic materials 
and the relationship between the results of tension, compression, 
and torsion tests, the author shows that such test results are com- 
parative, and that there is still a great deal to be learnt about the 
internal behaviour of metals under test. 

The Mechanical Testing of Materials and their Suitable Application. 
W. Kuntze. (Archiv fiir das Eisenhiittenwesen, 1939, vol. 12, Jan., 
pp. 329-334). The author discusses the methods of mechanically 
testing specimens which will give an indication of the properties 
which the same material will exhibit in service. He studies the 
distribution of stresses in bodies of irregular shape and how these are 
taken up by the “ slip-resistance ” of the material, and shows that 
it is the business of the investigator to establish the laws governing 
the effects of shape. 

Practice in Mechanical Testing. V.E.Green. (Foundry Trade 
Journal, 1939, vol. 60, Feb. 2, p. 111). The author discusses some 
of the advantages and disadvantages of different types of tensile 
and hardness testing machines and instruments and the Lindley, 
Ewing, and Huggenberger extensometers. 

British Standard Specification for Tensile Testing of Metals. 
(British Standards Institution, No. 18, Revised 1938). An advisory 
committee on the co-ordination of mechanical testing and testing 
procedure was appointed in 1931 by the General Council of the 
British Standards Institution. This specification has been pre- 
pared for the purpose of eliminating unnecessary variations in the 
tensile-testing requirements in the British Standard Specifications 
prepared by the Institution. The present specification gives 
details of all standard test-pieces for tensile tests not only of iron 
and steel, but of all metallic materials. ; 

Structure of Iron after Drawing, Swaging and Elongating m 
Tension. C.S. Barrett and L.H. Levenson. (American Institute of 
Mining and Metallurgical Engineers, 1939, Technical Publication 
No. 1038: Metals Technology, 1939, vol. 6, Feb.). The authors 
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report on their study of two processes of plastic flow in metal 
crystals and the changes in orientation which they cause; these 
processes are the formation of deformation bands and the bending 
and rotation of these bands. They examined specimens of swaged 
and drawn steel wire by the X-ray diffraction method. They 
found that “grain fragmentation” occurs in such specimens in 
grains 0-02 mm. in dia. and less up to single crystals; this consists 
of the formation of deformation bands on crystallographic planes 
of the forms {100} and {111} in the early stages of deformation. 
The lattice within a band rotates away from the parent orientation 
to an extent that gradually increases with the deformation. The 
direction of this lattice rotation depends on the crystallographic 
plane on which the band has formed. After greater deformation 
the parallel sets of bands become curved, and also rotate into a 
position parallel with that of the axis of the wire, whilst the lattice 
within each band rotates so as to bring a [110] direction parallel 
to the axis. 

The Internal Effect of Notches and Fatigue Strength. H. Wiegand. 
(Metallwirtschaft, 1939, vol. 18, Jan. 27, pp. 83-85). After ex- 
plaining that the effect of a notch in a metal need not necessarily be 
bad, the author differentiates between the effects produced on the 
surface and in the interior of a metal and discusses the latter effects 
in detail. He finds these to be influenced by the structure of the 
material, the heat treatment and the nature of the forging, machin- 
ing, or other finishing process. 

The Changes in the Crystal Structure of Steel under Fatigue Test 
up to Fracture. F. Wever, M. Hempel, and H. Mdller. (Stahl und 
Eisen, 1939, vol. 59, Jan. 12, pp. 29-33). The authors describe 
their X-ray investigation of the formation and development 
of cracks which eventually cause the fracture of a specimen under 
fatigue test. A report of this investigation entitled “‘ Fatigue 
Testing and Crystal Structure. II.” appeared in Mitteilungen aus 
dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1938, vol. 20, 
No. 17, pp. 229-238. (See p. 47 4). 

Analysis of Effect of Wire Curvature on Allowable Stresses in 
Helical Springs. A.M. Wahl. (Wire and Wire Products, 1939, vol. 
14, Feb., pp. 113-119). In this mathematical treatise the author 
suggests a method for determining the effect of the curvature of a 
wire or bar on permissible stresses in helical springs ; the method is 
based on the endurance properties of the material. 

A Multi-Hardness Tester for the Investigation of the Relationship 
between Hardness and Time. H. Kostron. (Metallwirtschaft, 
1939, vol. 18, Feb. 3, pp. 106-111). The author describes a hardness- 
testing machine of the Brinell type which is capable of making 
eighteen impressions either simultaneously or over a period which 
can be set within the range 4-1040 min. An electric switching 
device enables the intervals between the consecutive impressions 
to form a geometric progression of time. A specimen at high 
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temperature can be tested in this machine, and it is therefore 
possible to obtain exact data on the changes in hardness in relation 
to time as a specimen cools. 

Hardenability of the Steel; Growth of the Concept. R. S. 
Archer. (Metal Progress, 1939, vol. 35, Jan., pp. 33-35). In his 
discussion of the qualities which go to make up the hardenability 
of a steel, the author surveys briefly the progress which has been 
made in the course of endeavours to define the factors which affect 
the hardenability. He shows that the chemical analysis and grain- 
size do not always provide sufficient data to determine the harden- 
ability of a steel, and that not only is a standard specification for 
hardenability required, but the term itself requires defining in a 
manner acceptable to metallurgists. 

The Effect of Annealing on the Hardness of Ledeburitic Chromium 
Steels. H. Gross. (Archiv fiir das Eisenhiittenwesen, 1939, vol. 
12, Jan., pp. 341-344). The author reports on his investigation of 
the reasons for the lack of uniformity in the properties of cast steel 
containing 1-5°% of carbon and 12% of chromium after heat treat- 
ment. He found that the annealing caused carbides to separate 
out from the austenitic matrix, with the result that the latter was 
deprived of its self-hardening constituents to such an extent that, 
on cooling in air, pure and very hard martensite or troostite or 
pearlite was formed. The amount of the carbides which separated 
out depended on the annealing time and temperature. The 
annealing temperature range could be divided into three groups: 
The first, over 850° C., which created a hard martensitic-to-troostitic 
structure; the second, from 850°C. to 600° C., which created a 
machinable pearlitic-to-sorbitic structure; and the third, from 
600° C. to 400° C., which again produced a martensitic structure. 

The author also examined separately the effects of additions of 
1-6% of tungsten, 2% of nickel, and 8% of manganese, and found 
that whilst tungsten favoured the separation of the carbides and 
increased the hardness, the other two elements had the opposite 
effect, a high hardness value being produced only after as much of 
the carbide as possible had been separated from the austenite by 
annealing. 

Some Examples of the Superimposing of Different Hardening 
Processes. W. Dannéhl. (Deutsche Gesellschaft fiir Metallkunde, 
General Meeting, June 1938, pp. 64-67). The author discusses the 
hardness and the magnetic properties of iron-copper-molybdenum 
alloys in which there are two supersaturated solid solutions and 
explains the mechanism of the hardening process by reference to the 
equilibrium diagram for this system. 

Structural Ageing of a High Coercivity Iron-Nickel-Aluminium 
Alloy. A. A. Kuznetsov. (Metallurg, 1938, No. 7-8, pp. 59- 
65). (In Russian). The author studied specimens of steel alloyed 
with 15% of aluminium and 27% of nickel in the form of sand-cast 
cylindrical specimens 10-20 cm. long and 11-12 mm. in dia. (the 
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optimum dimensions from the point of view of magnetic properties). 
The specimens were magnetised by the method of superimposing 
an alternating magnetic field on a constant field. Ageing was 
effected at room temperature for periods of up to 210 days at 100° C., 
up to 140 hr. at 300° C. and up to 50 hr. at 400° and at 500° C. 
The resulting changes in remanence and coercive force are shown in 
the form of curves. The relative decrease in coercive force as a result 
of ageing at temperatures between 15° and 400° C. does not exceed 
7%, and is independent of the temperature. Ageing at room 
temperature results in structural stability being attained after 100- 
120 days. In the case of ageing at elevated temperatures, structural 
stability is attained after 65-70 hr., 22-24 hr., 20-22 hr., and 18-19 
hr. on ageing at 100°, 300°, 400°, and 500° C., respectively. 

Testing ‘Metals for Wear by Friction Discs. (Engineer, 1939, 
vol. 167, Feb. 10, pp. 184-185). A description is given of the Skoda- 
Sawin wear-testing machine. The working tool of this machine 
is a smooth rotating disc of hard metal (known as ‘‘ Widia XX ”’) 
30 mm. in dia. and 2-5 mm. wide, which, under a constant load, 
grinds an impression in the fixed test-piece. The volume of the 
impression ground on the specimen is calculated from measurements 
made by a depth-gauge on the machine, and this is a measure of the 
wear-resisting properties of the material. 

The Erosion of Metals by Artificial Friction. R. Gourdon. 
(Métaux, 1936, vol. 11, Dec., pp. 313-319). The author discusses 
the wear of steel and cast-iron brake drums caused by the friction 
between asbestos composition linings and the drums. 

Cast Irons and Friction. M. Ballay. (Métaux, 1936, vol. 11, 
Dec., pp. 290-296). In this discussion of the frictional properties 
of cast iron the author considers the relationship between hardness 
and resistance to wear, the effect of the size and distribution of the 
graphitic carbon, and the methods of hardening ordinary and special 
grey irons, and white iron. 

Wear in Powdered-Fuel Diesel Engines. (Fuel Research Board 
Report: Foundry Trade Journal, 1939, vol. 60, Feb. 2, p. 112). 
Some particulars are given of the results of tests undertaken to 
ascertain the most suitable material for making Diesel-engine 
cylinder liners and pistons to resist the wear caused by ash when 
powdered fuel is used. Some 27 combinations of material for liners, 
pistons, and rings have been tested. The best results to date have 
been obtained when using certain types of chromium-plated liners 
in conjunction with ordinary cast-iron pistons and rings. 

Wearing Properties of Some Metals in Clay Plant Operation. 
A. H. Dierker, J. O. Everhart, and R. Russell, jun. (Ohio State 
University Studies, Engineering Series, 1939, vol. 8, Jan., pp. 1-18). 
The authors present an account of their investigation on an industrial 
scale of the wear of some of the parts of clay-grinding machines and 
brick presses. The machinery parts tested were muller tyres, pug- 
mill knives, grinder runner-plates, grinder screen-plates and re-press 
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die-liners. All these were supplied by thirteen different American 
manufacturers. 

Nickel Alloys for Permanent Magnets. J. A. Rabbitt. (Japan 
Nickel Review, 1939, vol. 7, Jan., pp. 4-16). After surveying the 
history of the use of the magnet from the very earliest up to the 
present time, the author describes the properties required in materials 
for permanent magnets, and shows to what extent these can be 
supplied by iron-nickel alloys with and without additions of other 
elements such as aluminium, cobalt, tungsten, and titanium. 

Nickel Alloys in High-Permeability Materials. T. Masuko. 
(Japan Nickel Review, 1939, vol. 7, Jan., pp. 17-44). The author 
enumerates the characteristics of high-permeability alloys and de- 
scribes the magnetic properties of a large number of iron-nickel 
alloys with and without additions of copper, cobalt, tungsten, 
vanadium, and aluminium. 

Alloys of Special Magnetic Characteristics and their Applications. 
T. Nishina. (Japan Nickel Review, 1939, vol. 7, Jan., pp. 45-62). 
The author describes the physical and electrical properties of mag- 
netic and non-magnetic alloy steels, and presents tables showing the 
properties and compositions of a large number of nickel- and nickel- 
manganese steels. In the concluding section of the paper he dis- 
cusses the magneto strictive properties (change of dimension when 
magnetised) of a number of iron-nickel alloys and some special 
applications of alloys with special magnetic properties. 

On Alloys of High Resistivity and High Initial Permeability. 
Il. K. Mihara. (Japan Nickel Review, 1939, vol. 7, Jan., pp. 63- 
72). The author has continued the investigations previously 
reported (see ‘‘ Study of Alloys of High Permeability and High 
Electric Resistance,” Journ. I. and §.I., 1938, No. I., p. 144 a), and 
in the present paper he describes his study of nickel-iron alloys 
containing less than 60% of nickel with additions of copper, chrom- 
ium, and manganese, the manganese being kept constant at 2% and 
the copper and chromium being gradually increased while kept in 
equal proportions. He found that as the iron content is gradually 
replaced by copper + chromium + manganese, with the nickel 
content unchanged, the electrical resistance of the alloy steadily 
increased. The author also studied the effect of several different 
forms of heat treatment on the magnetic properties of these alloys 
and illustrates the results by graphs. 

Creeping Results and Recovery at High Temperatures—Influences 
and Evaluation. H. Zschokke. (Brown Boveri Review, 1938, 
vol. 25, Dec., pp. 247-261). After considering the influence of 
alloying elements, heat treatment, and deformation on the creep 
limit of steel, the author shows how the evaluation of the results of 
creep tests depends upon the method of testing employed. From 
this he proceeds to a discussion of the influence of varying conditions 
on the amount of creep and the creep limit ; these conditions include 
intermittent loading at constant and at falling temperature. He 
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finds that on removing a load which has been applied for a long time 
at a high temperature, a general contraction takes place, which is, 
however, never as much as the preceding creep elongation ; further, 
when intermittent loading is applied, the creep and the creep rate 
diminish rapidly with each succeeding load. He explains the re- 
covery by reference to the mechanism of the deformation of the 
grain boundaries and the plasticity of the crystals forming the grain 
interfaces. In conclusion he shows that in applying the theories he 
has deduced from the test results to the design of a machine part 
which will be in service at high temperatures, a distinction must be 
made between the estimated total life and the estimated periods of 
running under partial load and under full load at the maximum 
temperature, and that if the permissible load is calculated at two- 
thirds of the creep limit, the service reliability of the part will be 
fully safeguarded. 

Determination of the Heat-Resistance during Creep Tests at below 
and above the Recrystallisation Point. E. Both and W. Rohn. 
(Deutsche Gesellschaft fiir Metallkunde, General Meeting, June, 
1938, pp. 16-22). The authors describe the apparatus used for 
determining the creep of metals. They found that as the temper- 
ature fell from below the recrystallisation point, the elongation was 
reduced, but at a decreasing rate, but when the initial temperature 
was above the recrystallisation point, the elongation decreased at an 
increasing rate. 

Heat-Resisting Alloys for the Exhaust-Gas Turbine. F. Bollen- 
rath, H. Cornelius, and W. Bungardt. (Metal Treatment, 1938-39, 
vol. 4, Winter issue, pp. 182-187). An English translation of a 
report of the Materials Research Institute of the German Aero- 
nautical Research Establishment published in Luftfahrtforschung, 
Sept. 10 and Oct. 10, 1938. The authors investigated the 
properties of some austenitic steel alloys by carrying out creep tests 
at 600°, 650°, and 700° C. and then tested the mechanical properties 
of the same specimens in order to detect any tendency to brittleness. 
They also studied the relationship between the creep strength and the 
specific gravity, and the microstructure. Finally, they investigated 
the tendency to scaling in an atmosphere produced by burning 
petrol with and without additions of a mixture of tetra-ethyl-lead 
and ethylene dibromide. The results are presented in numerous 
tables and graphs. 

The Embrittlement of Heat-Resisting Steels at High Temperatures. 
R. Scherer and H. Kiessler. (Archiv fiir das Eisenhiittenwesen, 
1939, vol. 12, Feb., pp. 381-385). The authors have examined 
the causes of the fracture of bolts used at the joints of high- 
temperature pipe-lines by carrying out fatigue tests on notched 
bars up to fracture and examining the fractured bars under the 
microscope. They come to the following general conclusions : 
(1) Nickel-bearing steels tend to be hot short, whereas chrom- 
ium-molybdenum steels do not; (2) the cause of fracture at 
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500-600° C. without deformation is a general brittleness across the 
section accompanied by local stress concentrations; (3) hot- 
shortness is accompanied by a strengthening of the grain boundaries ; 
(4) hot-shortness is a similar phenomenon to temper-brittleness, but 
has no connection with strain-ageing ; and (5) hot-shortness will not 
occur in a steel containing no nickel the composition of which is 
selected so as to suppress as far as possible any change of structure 
at the grain boundaries at the working temperature. 

On the Brittleness of Metals at Low Temperatures. A. P. 
Tulyakov. (Metallurg, 1938, No. 7-8, pp. 45-54). (In Russian). 
In the first part of the paper dealing with experiments, the author 
presents and discusses the results obtained from the tensile and 
impact testing of 0-11% and 0-39% carbon steels, 4-6% nickel 
steel (after various heat treatments) 20/6 chromium-nickel stainless 
steel, copper, brass, aluminium bronze, and duralumin at temper- 
atures of +15°, —40°, —80°, and —180°C. In the second part of 
the paper, the author deals with the theories advanced to explain 
the behaviour of metals at low temperatures with special reference 
to the low-temperature brittleness of steel. 

Properties of Metals. (Metallwirtschaft, 1939, vol. 18, Feb. 10, 
pp. 123-124). In this paper the properties of some non-ferrous 
and ferrous alloys at temperatures down to —253° C. are discussed, 
and a graph is presented showing the notched-bar impact strength 
of a number of chromium-manganese and chromium-nickel steels at 
temperatures between —253° C. and +-20° C. 

The Effect of Aluminium on Unalloyed Steel. E. Houdremont 
and H. Schrader. (Archiv fiir das Eisenhiittenwesen, 1939, vol. 12, 
Feb., pp. 393-404). The authors studied the effects of additions of up 
to 25% of aluminium on the structure, hardenability, and magnetic 
properties of unalloyed steels containing from 0-15 to 1-0% of 
carbon. They found that: (1) The transformation temperatures, 
especially the A, point, rise as the percentage of aluminium increases ; 
(2) in spite of this, and although there is no marked change in the 
hysteresis, the higher the aluminium content the greater is the depth 
of hardness which can be obtained ; (3) the addition of a very small 
quantity of aluminium causes an appreciable reduction in the grain 
size of annealed specimens ; (4) in case-hardened steels this reduced 
grain size increases the notched-bar impact strength ; (5) there is 
evidence that the nuclei affecting the hardenability consist of 
aluminium nitrides; (6) the fine-grained structure caused by a 
small addition of aluminium impedes diffusion, and therefore 
retards decarburisation; (7) the addition of aluminium to steel 
decreases the coercive force of the steel when hardened ;_ and (8) the 
increased hardenability of steel on the addition of 1-2-5% of alum- 
inium is due to the absorption of the aluminium by the iron carbide. 

Beneficial Effects of Chromium and Silicon Additions to Cast Iron. 
(Iron Age, 1939, vol. 143, Feb. 2, pp. 42-44). In this article the 
effects of additions of up to 2% of chromium and up to 1-4% of 
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silicon to cupola-melted iron on its structure and physical properties 
are illustrated and discussed. The iron, without the additions, 
contained total carbon 3-42%, silicon 2-55%, manganese 0-59%, 
phosphorus 0-14%, and sulphur 0-12%. The chromium was added 
either in the cupola or in the ladle and the silicon in the ladle. It is 
shown that an addition of only 0-45% of chromium converts the 
ferrite to pearlite and reduces the size of the graphite. The addition 
of silicon in the ladle suppresses the localised dendritic or eutectic 
areas and produces an even distribution of the graphite. It is also 
of interest that the addition of silicon reduces the tendency for 
castings to become harder over areas of thin section. 

Will Grey Iron as a Constructional Material ever be Displaced ? 
R. Bertschinger. (Giesserei, 1939, vol. 26, Feb. 10, pp. 55-67). 
The author discusses the properties and applications of grey cast 
iron, comparing them with those of competitive materials. In this 
way he shows that grey cast iron possesses characteristics quite 
distinct from those of any other ferrous or non-ferrous metal. In 
conclusion he makes suggestions regarding research work and the 
dissemination of technical information on grey cast iron in quarters 
where it is lacking. 

The Nickel Cast Irons Resistant to Corrosion and High Tempera- 
tures. (Centre d’Information du Nickel, Series C, No. 2). 

The Nickel Cast Irons in the Automobile and in Internal Combus- 
tion Engines. M. Ballay and R. Chavy. (Centre d’Information du 
Nickel, Series C, No. 6). 

The General Machining and Casting Properties of Nickel- and 
Nickel-Chromium Cast Iron. (Centre d’Information du Nickel, 
Series C, No. 7). In the first part of this paper the wear and 
corrosion-resistance properties of cast iron containing up to 15% 
of nickel are discussed. The second part is devoted to a consideration 
of the technique employed at the foundry when adding the nickel 
and making the castings. 

Special White Cast Irons and Copper-Nickel-Tin Alloys for 
Deposition with the Oxy-Acetylene Torch. M. Ballay and R. Chavy. 
(Centre d’Information du Nickel, Series C, No. 8). The authors 
discuss the microstructure, hardness, and adherence properties of a 
number of special white cast irons and copper-nickel-tin alloys which 
are suitable for deposition with the oxy-acetylene torch so as to 
produce a highly corrosion-resistant coating on steel. 

Alloy Steels—Then and Now. E. A. Wraight. (Mining Journal, 
1939, vol. 104, Mar. 4, pp. 183-189). The author demonstrates 
the enormous advancement made in the use of alloy steels since 
about the year 1900 by quoting what was then known of the 
properties and applications of manganese, nickel, chromiums and 
molybdenum steels and describing some of the present-day 
applications. 

Metallurgical Progress and the Colliery. L.Sanderson. (Colliery 
Engineering, 1939, vol. 16, Feb., pp. 43-45). The author discusses 
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some of the many recent metallurgical advances which effect colliery 
equipment and tools. Most of these can be considered as new 
applications of alloy steels. 

Structural Nickel Cast Steels. J. Galibourg. (Centre d’Infor- 
mation du Nickel, Series B, No. 12). After briefly reviewing 
the history of the production of steel castings, the author explains 
the process of solidification with reference to the iron-carbon 
diagram. He considers the effect of nickel additions and con- 
cludes by describing and illustrating a variety of nickel-steel 
castings. 

The Heat-Resisting Nickel Alloys. (Centre d’Information du 
Nickel, Series X, No. 8). In the first part of this paper, which 
is by M. Ballay and F. Renaud, the microstructure and general 
properties of nickel- and nickel-chromium steel are discussed. In 
the second part, by J. Galibourg, the author reviews the work of a 
large number of investigators on the mechanical properties of 
nickel steels at high temperatures. 

The Réle of Nickel in Rolling Stock. J. Galibourg. (Centre 
d’Information du Nickel, Series B, No. 11). The author 
considers the application of nickel steels for rails, locomotive 
boilers, forgings, coupling rods, axles, roller and ball bearings, and 
of nickel iron for cylinders and accumulator plates. 

Nickel in Forged American Steels. (Centre d’Information du 
Nickel, Series B, No. 8). Some general information on the 
manufacture of nickel-steel billets for forgings is presented, 
and this is followed by full details of the analyses and properties of a 
large number of American §.A.E. nickel- and nickel-chromium 
steels and their application for internal-combustion engine and 
marine-engine parts. 

Forged and Rolled Nickel- and Nickel-Chromium Steels. M. 
Ballay. (Centre d’Information du Nickel, Series B, No. 9). 
The author presents a comprehensive survey of the properties 
and applications of nickel- and nickel-chromium steels, dealing with 
the subject in five sections as follows: (1) The effect of nickel and 
of nickel-chromium on the properties of steel ; (2) the properties and 
treatment of the principal structural nickel steels ; (3) tables of the 
principal brands of special nickel steels manufactured in France ; 
(4) guide to the selection and use of special steels ; and (5) applica- 
tions of special steels. 

The Alloys of Nickel for Tools. (Centre d’Information du Nickel, 
Series X, No. 6). A very great variety of tools and machinery 
made of nickel steels is described and illustrated. 

Nickel in Aviation. P. Blanchet. (Centre d’Information du 
Nickel, Series X, No. 4). The author describes and _ illustrates 
the numerous applications of nickel steel and other nickel alloys in 
the manufacture of aircraft and aeroplane engines. 

. wa Applications of Nickel in the Electrical Industries. M. 
allay. 





(Centre d’Information du Nickel, Series X, No. 1): 
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In this treatise on the application of nickel and its alloys 
in the electrical industries considerable space is devoted to the 
magnetic properties of the iron-nickel alloys. 

Steels with a High Nickel Content. C. E. Guillaume. (Centre 
d’Information du Nickel, Series B, No. 4). The author 
describes his investigation of the magnetic properties and the 
expansion at different temperatures of nickel steels containing 
up to 66% of nickel. 

Non-Oxidising Austenitic Steel. J. Galibourg. (Centre d’Infor- 
mation du Nickel, Series B, No. 1). The author discusses the 
structure and chemical and physical properties of 18/8 steel and 
describes some of its applications. 

Stainless Steel of the 18/8 Type with High Carbon Content and 
Additions of Titanium and Beryllium. N. F. Vyaznikov and E. I. 
Andreeva. (Metallurg, 1938, No. 7-8, pp. 40-44). (In Russian). 
Three steels of the 18/8 type, but with 0-39-0-46% of carbon and 
additions of 0-09% of beryllium and 0-11% of titanium, respectively, 
were investigated in connection with the development of steel for 
surgical instruments. The macrostructure and the microstructure 
of the cast steel, its dilatometric analysis, mechanical properties 
and corrosion resistance (loss of weight in tap-water, sea-water, 
10% nitric acid, 10% hydrochloric acid, 5°% alcoholic iodine solution 
and 1% mercuric chloride solution) are briefly reported. Both 
titanium and beryllium additions were found to exert a grain- 
refining effect on the cast steel, and they also increased its hardness 
by the formation of a second phase. This latter fact, however, at 
the same time slightly reduced the corrosion resistance, as compared 
with the steel containing no beryllium or titanium. 

On the Individual Properties of Steel Heats. S. M. Baranov. 
(Metallurg, 1938, No. 6, pp. 56-66). (In Russian). After referring to 
the usefulness of the examination of the fracture as a means of 
estimating the tendency to flake-formation in steel, the author 
discusses a number of factors affecting the properties of steel, such as 
the grain size, the method and degree of deoxidation, the cleanliness 
of the steel, and the effect of silicon and of alloying elements. 

Mechanical Properties of Axles. L. Viadimirov. (Stal, 1938, 
No. 7, pp. 51-57). (In Russian). The author examined the effect 
of various factors, such as heat-treatment and hot-forging conditions, 
in the light of test data, and found that the mechanical properties of 
axles are generally improved by forging. He recommends that blanks 
should be heated to 1000-1200° C. and forging should be completed 
at 820-850° C. By experimental work he shows that the subsequent 
rate of cooling, which depends on the carbon and manganese con- 
tents, affects the impact strength, which tends to increase with 
increased rate of cooling. The provision of some artificial means of 
cooling the axles on the cooling tables is therefore recommended. 
The straightening of some axles after forging by hammering or under 


-the press should on no account be done in the cold state, owing to 
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the internal stresses which would be set up. He does not trace any 
definite connection between the surface defects and the mechanical 
properties (impact strength) of the axles. 

Pitting of Gear-Teeth in Large Cast Steel Gears. J. L. Avis. 
(Metal Progress, 1939, vol. 35, Jan., pp. 59-61). The author 
reports on an investigation of the causes of pitting in the faces of the 
teeth of a 5-ft.-dia. gearwheel. He explains the terms “ plastic 
deformation ” and “ permanent deformation” of the crystalline 
structure, and shows that the surfaces of the teeth which are in con- 
tact are subject to severe stresses first in one direction and then in the 
opposite direction as the teeth engage and disengage. ‘These stress 
reversals cause plastic deformation, and eventually permanent 
deformation. The author suggests that such castings should be 
made of steel containing 0-45° of carbon and 0-50% of molybdenum. 

The Material Problem in Large Steel Structures. KE. H. Schulz. 
(Stahl und Eisen, 1939, vol. 59, Mar. 2, pp. 247-251). The author 
traces the two directions in which the development of steel for use 
in bridges, buildings, ships, railways, and boilers has proceeded— 
namely, the special processes of improving the properties of the steel, 
and the use of low-alloy steels. In the concluding part of his paper 
he deals with the investigation of the damping capacity and the 
weldability of structural steel. 

Recent Developments in Powder Metallurgy. W. D. Jones. 
(Metal Treatment, 1938-39, vol. 4, Winter issue, pp. 145-149, 152). 
After stating briefly the principles on which the sintering and fritting 
of metal powders depend, the author describes some recent applica- 
tions of the technique of powder metallurgy, and indicates the 
directions in which future progress is probable. He also describes 
the manufacture and characteristics of compacts made from cast- 
iron powder, as well as magnesium flares, and porous bronze and other 
bearings. In conclusion he discusses the preparation of alloys in 
powder form for subsequent sintering into compacts. 

The Latest Development of Powder Metallurgy. P. E. Wretblad. 
(Jernkontorets Annaler, 1938, vol. 122, No. 10, pp. 537-550). 
(In Swedish). In this review of the most recent developments of 
powder metallurgy, the author first explains the difference between 
fusion-welding and sintering ; from this he proceeds to deal with the 
effect of applying heat and pressure to the powders, some methods 
of controlling the contraction, the hardness of the compacts (i.¢., 
the materials produced by the compression of powders), and the 
processes of making compacts from (a) solids, (b) liquids, (c) 
fused materials, and (d) gases. He concludes by describing a 
number of materials, some of which can only be produced by powder 
metallurgy, and others which it is advantageous to produce by this 
process. 
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(Continued from pp. 241 a—244 a) 


The Application of Physical Methods to the Chemical Study of 
Metals. P.Chevenard. (Chimie et Industrie, 1939, vol. 41, Jan., 
pp. 28-40). The author describes how physical chemistry can be 
applied to the study of alloys of iron and steel in order to gain 
results which cannot easily be obtained by purely chemical methods. 
His discussion includes the use of the colorimeter, the spectro- 
graph, the dilatometer, and the microscope, and the methods of 
identifying the phases in the structure of steel which has been 
subjected to various forms of heat treatment. 

Preparing Series of Specimens for the Microscopic Examination 
of Materials. H. Diergarten and W. Erhard. (Deutsche Gesell- 
schaft fiir Metallkunde, General Meeting, June 1938, pp. 43-44). 
The authors describe an appliance and the technique by means of 
which several hundred steel specimens can be prepared per day 
for microscopic examination with a small expenditure of labour. 

Surface Allotropic Transformation in Stainless Steel Induced by 
Polishing. J. T. Burwell and J. Wulff. (American Institute of 
Mining and Metallurgical Engineers, 1939, Technical Publication 
No. 1032: Metals Technology, 1939, vol. 6, Feb.). The authors 
describe an investigation of the y-> « transformation induced on 
the surface of stainless steel by polishing. Three specimens of 
cold-rolled and annealed steel containing chromium 18-13%, nickel 
8-94%, and carbon 0-08% were prepared; one was left in a finely 
abraded condition by polishing with clean 0000 emery paper, and the 
other two were subjected to all the stages of metallographic polish- 
ing. The surfaces were examined by the electron-diffraction method. 
They found that the effects of polishing on the structure extended 
to a depth of about 4 x 10° cm. below the polished surface, and 
that 90% of the first 2-5 x 10° cm. of this depth consisted of 
ferrite (body-centred) ; beyond 4 x 10° cm. it was wholly austenite 
(face-centred). 

Secondary Radiation in the Radiography of Aluminium, Steel 
and Lead. H.E.Seemann. (Proceedings of the American Society 
for Testing Materials, 1938, vol. 38, Part II., pp. 284-291). The 
author outlines the principles of measurement and the results of 
some experiments undertaken to determine the amount of secondary 
radiation in the radiography of common industrial materials. In 
the experiments the thicknesses of the materials were limited to 
those which could be conveniently radiographed without fluorescent 
intensifying screens. He found that: (1) The proportion of secondary 
radiation from aluminium and steel increased almost linearly with 
1939—i x 








306 A METALLOGRAPHY AND CONSTITUTION. 


the thickness ; (2) lead screens may remove nearly half the secondary 
radiation recorded when no screens are used ; and (3) no important 
reduction in secondary radiation is possible by adjustment of the 
voltage within the range necessary for a given subject. 

The Effect of Small Additions of Vanadium on the Development 
of the Structure of Unalloyed Steel. I. Fetschenko-Tschopiwsky 
and A. Kalinski. (Archiv fiir das Eisenhiittenwesen, 1939, vol. 12, 
Jan., pp. 351-352). The authors discuss the effect of the addition 
of up to 0-3% of vanadium on the crystal structure of four steels 
containing from 0-23% to 0-35% of carbon, as well as on their 
tempering properties. 

The Rate of Solution of Graphite in Molten Cast Iron. I. N. 
Bogachev and Le. D. Lobacheva. (Metallurg, 1938, No. 7-8, 
pp. 55-58). (In Russian). After referring to the work of Piwo- 
warsky on the rate of solution of graphitic carbon in cast iron, 
the authors describe their investigation of three cast irons con- 
taining 4-05% and 0:15%, 2-51% and 1-1%, and 3-85% and 3-14% 
of total carbon and graphitic carbon respectively, using specimens 
3 mm. in diameter. These were fitted into porcelain tubes, closed 
at one end, immersed in a bath of molten copper for periods of 
30 sec. to 10 min., and then quenched in water. The temperature 
of the copper varied between 1150° and 1250° C. By means of 
graphs they show how the amount of graphitic carbon in the 
specimens varied with the time that they were held in the molten 
copper. The graphitic carbon dissolved rapidly at first until a 
critical point was reached, which depended on the chemical com- 
position of the irons. In the experiments described this critical 
amount varied between 0-2 and 0-9%. 

The Mechanism of the Reaction between Hydrogen and Carbon 
in Iron. W. Baukloh and B. Knapp. (Archiv fiir das Eisenhiitten- 
wesen, 1939, vol. 12, Feb., pp. 405-411). A German translation 
of a paper in Iron and Steel Institute Carnegie Scholarship Memoirs, 
1938, vol. 27, pp. 149-164. (See p. 189 a). 

Recrystallisation of Rail Steel During Hot Working. M. 
Vratskiy, B. Petrenko, and P. Rozdymakha. (Stal, 1938, No. 7, 
pp. 29-36). (In Russian). The authors consider the effect of 
heat and the rate of deformation on the changes in the grain size 
and the number of recrystallisation nuclei in rail steel, the process of 
recrystallisation itself, and the influence of microstructure on the 
mechanical properties, the whole being illustrated by experimental 
results. They conclude that the size of the grains formed as a 
result of recrystallisation during hot-working depends on the original 
grain size, and the temperature, rate and degree of deformation. 
The final grain size is larger, the larger the original grain size and 
the more rapid the deformation. The maximum grain-refining 
effect is produced under all conditions by high degrees of deformation. 
The temperature of the last pass should be such that in the colder 
end of the rail it is some 30-50° C. above the Ar, point. Rolling 








diss: 





at 


th 
de 
thi 


W. 
de: 


for 
Co% 
sili 
rey 
tin 
tra 
wit 
jus 
fro 
ste 
anc 


anc 
suc 
the 
con 
is ¢ 
for 


Eng 
193 
coo. 
thro 
in t 
carl 
desi 
stru 
ferr 
usu: 
that 
solic 


Ref 


teilt 
14), 





METALLOGRAPHY AND CONSTITUTION. 307 A 


at temperatures corresponding to the critical points should be 
avoided as the metal is less ductile at these temperatures. In 
the drafting of the rolls the temperature and the amount of 
deformation must be taken into account with a view to producing 
the minimum grain size in the rolled steel. 

Austenite Transformation in Gray Iron. D. W. Murphy, W. P. 
Wood, and C. D. D’Amico. (Transactions of the American Foundry- 
men’s Association, 1938, vol. 46, pp. 563-586). The authors 
describe and discuss the results of an investigation of the trans- 
formations which occur during the cooling of fine-grained and 
coarse-grained grey iron containing 3% of carbon and 2% of 
silicon. They present transformation curves in which the ordinates 
represent the temperature range 1325-300° F. and the abscissz the 
time (in seconds on a logarithmic scale) required to complete the 
transformation from austenite to pearlite at the temperature 
within this range. The following conclusions were considered 
justified : (1) The austenitic matrix of a cast iron which is cooled 
from above the critical temperature behaves similarly to that of 
steel, and a similar S-curve is obtained; (2) the rate of cooling 
and the position of the S-curve will determine the structure of the 
matrix and the physical properties of iron in the as-cast condition ; 
and (3) increased grain size or the presence of alloying elements 
such as nickel, chromium, molybdenum, or manganese will cause 
the S-curve to be displaced to the right, 7.e., the time required to 
complete the transformation will be greater. This investigation 
is a continuation of that entitled “The Rate of Austenite Trans- 
formation in Cast Iron.” (See Journ. I. and §8.I., 1938, No. L., 
p. 92 A). . 

Phase Changes in 3-5 per cent. Nickel Steel in the Ac, Region. 
I. N. Zavarine. (American Institute of Mining and Metallurgical 
Engineers, 1939, Technical Publication No. 1031: Metals Technology, 
1939, vol. 6, Feb.). It has been found that alternately heating and 
cooling a medium-carbon steel so that the temperature passes 
through the critical point with each cycle spheroidises the cementite 
in the steel and softens it, but a similar heat treatment of a medium- 
carbon steel containing 3-5% of nickel hardens it. The author 
describes his investigation of this phenomenon. He found that the 
structure of the nickel steel after this heat treatment consisted of 
ferrite and a constituent quite different from any of the constituents 
usually formed when austenite is cooled slowly. He is of the opinion 
that the hardening effect was associated with the formation of a 
solid solution and that the heat treatment caused the cementite to 


_ dissolve in the solid solution instead of being spheroidised. 


The Iron-Nickel-Chromium Equilibrium Diagram with Special 
Reference to the Brittle Structures which Form after Long-Time 
Annealing. P. Schafmeister and R. Ergang. (Technische Mit- 
teilungen Krupp, Forschungsberichte, 1939, vol. 2, Feb., pp. 5- 
14). The authors complete the investigation of the iron-nickel- 
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chromium system, and by annealing specimens of this alloy for up 
to 1000 hr. at from 650° to 800° C., they determine the stability 
of the hard, brittle and non-magnetic o-phase. They present the 
results of their microscopic and X-ray investigations and the 
magnetic properties of 49 iron-nickel-chromium alloys. They 
find that the o-portion comes almost entirely from the ferrite. It 
corresponds to the FeCr in the binary iron-chromium system, and 
can dissolve about 10% of nickel. When the nickel exceeds 33% 
it no longer forms. The o-phase is transformed back to ferrite on 
heating to 900-1000° C. 

The Iron-Chromium-Phosphorus System. R. Vogel and G. W. 
Kasten. (Archiv fiir das Eisenhiittenwesen, 1939, vol. 12, 
Feb., pp. 387-391). The authors describe their thermal and micro- 
scopic investigation of the chromium-phosphorus and_iron- 
chromium-phosphorus systems up to 28% of phosphorus. 








cel cei i, ek 


( 3094 ) 


CORROSION OF IRON AND STEEL 





(Continued from pp. 245 a—247 a) 


Investigation of the Corrosion Properties of Sheets for the Con- 
struction of Wet Gas Meters. W. F. Miiller and E. Low. (Gas- 
und Wasserfach, 1939, vol. 82, Feb. 11, pp. 82-86). The authors 
describe their investigation of the rates of corrosion in town gas of 
uncoated, lead-coated, and tin-coated steel sheets. They found 
that uncoated and lead-coated sheets corroded at about the same 
rate, whilst a coating of tin (even as light as 20-30 g. per sq. m.) 
rendered the sheet practically immune from attack. 

Some Tests of Acid-Resistant Pipe. R. D. Leitch. (United 
States Bureau of Mines, 1938, Report of Investigations No. 
3426). The author reports on an investigation of the corrosion 
resistance of a number of samples of pipe to acid drainage water 
from three mines in the Pittsburgh district. The pipes tested were 
made of steel, cast iron, and wrought iron, some uncoated and others 
coated with cement, cement and water-glass, cement and asphalt, 
asphalt, hard rubber or soft rubber. It was found that in water of 
unusually high acidity some pipes lined with cement, rubber, asphalt, 
impregnated fibre, and asbestos-cement lasted for more than two 
years and were considered satisfactory. Pipes made of copper- 
bearing steel and of chromium-plated steel were unsatisfactory in 
waters of low acidity. 

Engineering Significance of National Bureau of Standards Soil- 
Corrosion Data. K.H. Logan. (Journal of Research of the National 
Bureau of Standards, 1939, vol. 22, Jan., pp. 109-125). The author 
considers some of the data collected as a result of testing some 
33,000 specimens of various pipe materials which had been buried 
in representative soils throughout the United States. He discusses 
the precautions which must be taken when applying the results of 
such tests in order to predict the life of a pipe-line. He defines the 
terms in which the results of corrosion tests should be expressed, 
and presents some equations which can be used for applying these 
results. In conclusion he compares test data with field experience. 
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BOOK NOTICES 


(Continued from pp. 250 A-254 a) 


CARPENTER, Sir HARoLp, and J. M. Ropertson. “ Metals,” 8vo, 


vol. 1, pp. xi + 823, illustrated. Vol. 2, pp. xii + 825-1485 
illustrated. London, 1939: Oxford University Press, Sir 
Humphrey Milford. (Price, 2 vols. £5 5s.) 


The scope of this work is markedly different from that of any other 
modern treatise on metallurgy. It covers the whole field of what is 
commonly called metallography, and also includes discussions of the 
processes of casting, forging, and heat treatment, and of the mechanical 
and physical properties which result from those processes. The object 
of the authors has been to show the relations between the constitution 
of metals and alloys, their behaviour under thermal and mechanical 
treatment, and their resulting properties. The great mass of inform- 
ation which they have collected is presented in a most readable form, 
with no interruption of the text by footnotes, and with only occasional 
mention of personal names. With the object of presenting a consistent 
picture, the authors have deliberately refrained from setting out the 
historical development of particular conclusions except in a few 
instances, and the number of references given is comparatively small, 
so that the research worker who desires to investigate a subject will 
have to supplement his reading. On the other hand, he will find much 
that is suggestive of new fields of research. It is unfortunate that the 
necessarily high price of so large a work places it beyond the reach of 
the ordinary student, who would derive the greatest benefit from read- 
ing it. It is likely to be in great demand in university libraries. It 
should be emphasised that it is a book which can be read from beginning 
to end with profit rather than used merely as a work or reference. The 
clear style makes this possible. Iron and steel receive rather fuller 
treatment than the non-ferrous metals in the special sections, but in 
the general discussions of internal structure the balance is well 
preserved. The age-hardening of alloys is treated rather sketchily, 
but the lengthy section on oxidation and corrosion and that on the 
transformations of steels may be commended for their comprehensive 
character. The authors have performed an immense task with great 
skill and thoroughness, and their work is likely to occupy a high position 
for a long time. The whole production of the two substantially bound 
volumes, with their clear diagrams, is, as might be expected of the 
Oxford University Press, excellent. 

C. H. Descu. 


DevurscHe GESELLSCHAFT FUR MerraLLKuNDE. “ Vortrdge der 


Hauptversammlung 1938 der Deutschen Gesellschaft fiir 
Metallkunde.”” WHerausgegeben von der Deutschen Gesell- 
schaft fiir Metallkunde in NS.—Bund Deutscher Technik. 
La 8vo, pp.113. Berlin, 1938: VDI-Verlag G.m.b.H. (Price 
6 RM.) 

This publication contains the papers read at the general meeting 


of the Deutsche Gesellschaft fiir Metallkunde, held at Munich on 
24-26 June, 1938. The following is a list of the authors and titles : 

C. H. Descu : The Production of Pure Metais. 

E. Scumip: The Physical Aspect of the Technical Characteristics 
of Materials, 
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}, SEBEL: Static and Dynamic Material Testing. 

E, Born and W. Roun: Determination of the Heat-Resistance 
during Creep Tests at below and above the Recrystallisation 
Point. 

P. BRENNER: Corrosion Testing with Special Reference to the Cor- 
rosion of Stressed Materials. 


> E. Ginpert: Testing Plain Bearings. 
i H. Scuatyprocu, H. Scoaumann, and R. Watiicus: Machin- 
ir ability Determination by Measuring the Cutting Temperature 
and Wear of Tools. 
G. Girtter: Testing Aluminium Castings. 
or H. DrerGArTEN and W. EruHaArp: Preparing Series of Specimens 
- for the Microscopic Examination of Materials. 
4 G. Mastna: The Problem of the Linear Crystallisation Velocity on 
al Cooling Molten Materials. 
ct H. Aver: The Meaning of Magnetic Investigations in the Study of 
nm Non-Ferrous Metals. 
al G. WASSERMANN: The Effect of the Profiling Process upon the 
a Texture and Structure, 
a, C. Haase and F, Pawtex: The a Solid Solution Boundaries in 
al Copper-Zine and Silver-Zine Alloys. 
ut G. Mastnea and R. Rerspacn: The Ternary Magnesium-Alu- 
a“ minium-Bismuth System. 
<A W. Dann6uL: Some Examples of the Superimposing of Different 
I, Hardening Processes, 
l O. EmickE and H. Benap : The Deformation-Resistance and Spread 
h when Rolling and Pressing Homogeneous and Composite 
8 Metallic Materials. 
f M. von Scuwarz: The Hardness of Aluminium Alloys when 
- Heated with Special Reference to Aluminium Bearing Metals. 
t E. von Rasaxovics: Investigations of the Fatigue Strength of 
g Aluminium Alloys. 
: H. VosskiiuteR: The Dependency of the Intererystalline Cor- 
r rosion on the pH value, with Examples from the Investigation 
i of Aluminium-Magnesium Alloys. 
! E. Ravs and M. Encet: The Scaling of the Copper-Bearing Alloys 
, of the Noble Metals. 
4 F. PawteK: The Problem of Bright-Annealing Copper and the 
1 Copper Alloys. 
é O. GENGENBACH: Some New Methods of Heat-Treating Light 
Metals in Electric Furnaces. 
O. GENGENBACH: New Resistance Furnaces Heated with a Graphite 
Rod, 
K, MattHaEs: Application of Methods of Testing to Aeroplane 
Construction. 
; Abstracts of those of the above papers which are of interest to the 
iron and steel industry will be found in the appropriate sections of 


this Journal. 


, Haz, R.S8. ‘ Welded Steel Construction.”” A Manual for the Design, 
Detailing, Fabrication, and Erection of Welded Steel Buildings, 
Bridges and Other Steel Structures. 8vo, pp. xi + 170. 
Illustrated. London, 1939: Sir Isaac Pitman and Sons, 
Ltd. (Price 12s. 6d.) 
This book does not aim at being an exhaustive trealise on the art 


of welding or on the science of construction. Rather has it been written 
to provide a condensed account of each phase of the subject, and the 
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treatment is such as to appeal more particularly to architects, engineers, 
fabricators, contractors, welders, estimators, students, and others who 
have a general knowledge of plans and of structural engineering or 
welding. Contracted treatments of technical subjects have their 
disadvantages as well as their advantages, so that despite the book’s 
many virtues the metallurgist is likely to be acutely conscious of the 
shortcomings of condensation in view of the fact that the metallurgical 
aspects of welding have not been described at all. This book can 
nevertheless be read with profit by all for whom it is intended, as 
well as by those metallurgists seeking welding knowledge of a more 
general character. 
W. F. Cuvuss. 


HANEMANN AND SCHRADER. “ Atlas Metallographicus.” Band II. 


Lieferung 5, Tafel 33-40; Lieferung 6, Tafel 41-48. Berlin, 
1939 : Gebriider Borntraeger. (Price 18-25 RM.) 


These issues of the Atlas Metallographicus continue the authors’ 
treatment of cast iron. Part 5 contains, in addition to its quota of 
photomicrographs, the concluding instalment of text on the structural 
constituents of cast iron, and the beginning of a new section on the 
relationship between structure, method of production, and properties of 
cast iron, The name of this publication and the admiration which the 
beautiful reproductions of micrographs arouse rather tend to obscure 
the excellence of the text that accompanies the illustrations. The 
structures depicted, no matter how interesting in themselves, can only 
achieve the authors’ intentions if they are regarded as the carefully 
chosen and detailed complement of the theoretical explanations that 
accompany the various sections. The discussion of the relationship 
between structure and properties is completed under two heads, the 
general and the particular. The relationship of the static mechanical 
properties to the composition is considered first, and then notch 
sensitivity, wear resistance, and fatigue are dealt with. With classical 
German thoroughness, not to be undervalued, the fact that grey cast 
irons break in tension along the graphite lamelle is clearly demon- 
strated. The structure of types of cast iron for specific purposes is 
next described, among the structures dealt with and illustrated in 
detail being those of ornamental castings, ironware for enamelling, 
mould irons, and piston rings. Part 6 is composed of micrographs 
with their accompanying descriptions. The examples of the products 
already mentioned are continued, and it covers also typical structures 
in centrifugally cast cylinder liners, brake drums, and rolls. The two 
parts worthily maintain the high standard set by the sections already 
published. 

STEPHEN L, ROBERTON. 


Sweetser, R.H. “ Blast Furnace Practice.” First edition. 8vo, 





pp. ix + 356. Illustrated. New York and London, 1938: 
McGraw-Hill Publishing Co., Ltd. (Price 24s.) 


This rather small book of about 350 pages deals with the subject 
from the “ furnaceman’s point of view.” After a useful and condensed 
description of the blast-furnace plant, it proceeds to deal with raw 
materials, theory of the blast-furnace, operation, by-products, and the 
commercial side. Descriptions of plant and practice are written very 
largely, if not entirely, from the American standpoint, and apart from 
a few references, notably to publications by Clements, little information 
is given of British or European practice. The section dealing with 
blast-furnace theory is similarly based on work carried on in the 
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United States. For example, the excellent work of Joseph and his 
collaborators of the Bureau of Mines is given in considerable detail, but 
no mention is made of the now classical work of Professor Bone and 
his co-workers on blast-furnace reactions, or of the more recent blast- 
furnace field tests conducted in Britain and by Bulle and Lennings 
in Germany. The notes on blast-furnace slags are rather short, 
although some reference is made to McCaffery’s work. A ternary 
diagram of the lime-alumina-silica system, given on page 220, is out 
of date, and should be replaced by the more accurate work of Rankine 
and Wright. It is difficult in a small volume of this character to 
preserve an accurate balance between the various sections, and the 
author is perhaps apt to give extra prominence to subjects in which 
he is particularly interested. For this reason some aspects of blast- 
furnace practice have received inadequate attention, while others are 
given an extended treatment more suited to a larger work. These 
criticisms, however, must have regard to the fact that the book has 
been written for the American blast-furnace operator, to whom it will 
be of considerable service. Operators on this side of the Atlantic will 
find much of interest, however, the extensive treatment of American 
sintering practice being a case in point. The notes on obsolescence and 
the dismantling of plant show interesting differences between British 
and American practice; a significant example is given in the final 
illustration in the book which shows an American merchant furnace 
plant built in 1900, rebuilt in 1920 and dismantled in 1936 as obsolete 
and scrapped. Of interest to all is the final chapter dealing with the 
commercial aspects of blast-furnace operation. Typical costing 
systems are described and examples of data sheets set out. A feature 
of interest is the definition of a so-called “‘ ideal’’ cost with which 
current production costs may be compared. The ideal cost for each 
period of working is adjusted to allow for variations in the cost of 
raw materials, labour, supplies, &c., so that the difference between 
actual and ideal costs is a criterion of the efficiency of operation, The 
book should be useful as a handbook for blast-furnace operators or as 
a short compendium of information for directors or managers of pig- 
iron producing plants. 
J. M. Ripaion. 


Unirep States Steet Corporation. “ Sampling and Analysis 
of Carbon and Alloy Steels.’’ Methods of the Chemists of the 
Subsidiary Companies of the United States Steel Corporation 
as Revised to 1937. 8vo, pp. 356. New York, 1938: 
Reinhold Publishing Corporation; London: Chapman and 
Hall, Ltd. (Price 22s. 6d.) 


This book has been written to replace two booklets published earlier 
which dealt with the sampling and analysis of plain carbon and alloy 
steels. Thus, while retaining some of the older methods, this revised 
work includes the newer methods, which in extended use have been 
found more convenient and practicable for both the steelmaker and 
the user. For the most part the methods described in this book are 

- those in general use in the various laboratories of the United States 
Steel Corporation and those of its subsidiaries, but it is not confined 
solely to the methods adopted by these companies, for there are 
included also details of standard procedures recommended by the 
American Society for Testing Materials and the Bureau of Standards, 
In some instances, indeed, these methods would appear to offer advan- 
tages over the normal routine procedures, It is clear that in compiling 
this work much effort has been expended in searching out the best 
methods of analysis available, and it is stated, in fact, in the preface 
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that the book represents more than two years of co-operative endeavour 
on the part of the selection committee, The composition of this 
committee is impressive, To the analyst dealing with modern steels 
there are several sections of special interest, for now that elements 
such as niobium and tantalum are gradually becoming established as 
beneficial additions to steels, the user is faced with the need for a 
fairly rapid and reasonably accurate procedure for their quantitative 
determination. While the methods formerly advocated or known 
could not become generally applicable, it is of interest to find described 
here methods of analysis which at least have the appearance of 
relative simplicity, while providing sufficient accuracy for most 
practical purposes, Furthermore, it would appear that earlier 
inaccuracies derived from interferences from tungsten, titanium, and 
zirconium have been overcome in large measure, so that methods 
which the user can adopt with confidence are now available for the 
determination of the rarer elements when present in conjunction with 
the more usual alloying additions. Another interesting addition is 
that concerning cerium, but here it may be remarked that, although 
this book describes only one procedure for its determination, there are 
also available other methods which might with advantage have been 
included as alternative methods of analysis. One cannot help remarking 
upon the greatly increased use of organic reagents for the isolation of 
alloying elements in steels, and this increase in their use would appear 
to justify the view that the time is rapidly approaching when each 
element to be separated and determined quantitatively will have its 
own specific reagent for that purpose. This is a tendency in the right 
direction, for it may possibly enable at least some of the methods of 
organic analysis to be applied with benefit to metallurgical needs. 
This book is certain to be of great interest and advantage to those 
mainly engaged in routine analytical work, while becoming also a 
major work of reference for those metallurgists who are occasionally 
forced to seek advice on analytical problems. 
W. F. Cuuss. 


Werricn, R. “ Die Chemische Analyse in der Stahlindustrie.” 





Zweite, umgearbeitete Auflage von J. Kassler “‘ Untersuchungs- 
methoden fiir Roheisen, Stahl und Ferrolegierungen.” (Die 
chemische Analyse. Herausgegeben unter Mitwirkung vieler 
Fachgenossen von Wilhelm Béttger. Band XXXI.) 8vo, 
pp. xv + 208. Illustrated. Stuttgart, 1939: Ferdinand 
Enke Verlag. (Price 18 RM.) 


In this volume, the author, who is chief chemist of the Poldihiitte, 
has revised an earlier publication by J. Kassler. The analysis of steels 
and ferro-alloys occupies the major portion of the book, and two short 
sections at the end give methods for the estimation of the constituents 
of fused and sintered alloys of the Widia type. The various elements 
are considered individually and, in general, the methods described are 
those in common use in steelworks laboratories. For all the common 
constituents of steel a number of alternative methods are described, 
and when interfering elements are present, the appropriate measures 
to be taken are dealt with. In a few instances the processes used in 
the laboratories of the Poldihiitte are given. The method of presenta- 
tion is to introduce each chapter with a very short account of the 
chemical and metallurgical properties of the element under con- 
sideration, and the methods available for its estimation are shortly 
noted. Thereafter each method is concisely described, the solutions 
required, the quantity of reagents necessary, and the method of 
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calculating the result being given. The theory of each method is 
indicated with equations of the reactions involved. Among the 
elements covered are nitrogen and oxygen in steels, and in this respect 
the book goes a little farther than the ordinary laboratory manual. 
The method for the determination of carbon by combustion appears 
to be somewhat long by modern works standards, but where the 
highest precision is necessary the authors’ recommendations are no 
doubt justified. Diagrams of some of the apparatus required are 
included, and references are given to original papers for many of the 


methods described. 
STEPHEN L. ROBERTON, 
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(Continued from p. 199 A) 


Possibilities of Developing Mining in Bulgaria. (Montanis- 
tische Rundschau, 1939, vol. 31, Jan. 16, pp. 37-38). It is stated 
that in 1935 2370 tons, in 1936 6500 tons, and in 1937 13,000 tons 
of iron ore were produced in Bulgaria. The ores occur in five 
districts, but almost the whole output comes from the magnetite 
ore mines south-east of Jambol. It is estimated that Bulgaria’s 
requirements amount to 30,000 tons of iron and steel per annum. 
Plans are being considered for the erection of two blast-furnaces 
or a number of electric furnaces. 

Mineral Resources of Ukraine. (Iron and Coal Trades Review, 
1939, vol. 138, Mar. 3, p. 411). Data are presented respecting the 
geography, mineral wealth, and population of the Ukraine. The 
mineral resources are estimated to include 72,300 million tons of 
coal, 4066 million tons of iron ore containing 50-70% of iron, 
40,900 million tons of ferruginous quartzite with approximately 
35% of iron, 441 million tons of 35° manganese ore, and 510 
million tons of lignite, the bulk of which is still undeveloped. 

The Brown Iron Ores of Eastern Texas. E. B. Eckel. (United 
States Geological Survey, 1939, Bulletin 902). A detailed survey 
and description are presented of the brown iron-ore deposits 
in the east and north-east of Texas. For geological reasons the 
area is divided into the North and South Basins; the total ore 
reserves in the former are estimated at about 110 million tons, and 
in the latter at about 67 million tons. The ores contain approxi- 
mately 42-57% of iron. The future of the district appears to 
depend on the solution of transport problems, and, if the present 
plans for the development of water transport are realised, the ore 
would probably be shipped to existing furnaces. 

The Iron Ores of the Bailadila Range, Bastar State. H. Crook- 
shank. (Transactions of the Mining, Geological and Metallurgical 
Institute of India, 1938, vol. 34, Nov., Part3, pp. 253-281). Although 
the existence of large and rich deposits of iron ore in the Indian 
state of Bastar has been known for 25 years, they have not been 
exploited as a raw material for smelting iron in India because of 
the distance from sources of coking coals. The possibility has now 
arisen of exporting the ore to countries such as Japan and China 
which control large supplies of coking coal but are ill supplied with 
ore. In the first part of this report the author describes the geology 
and the ore deposits, and in the second part he discusses the possible 
means of exploiting the iron ores with particular reference to the 
means of transporting the ore to the port of Cocanada. 
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Geology of the Yangchiatun Coalfield, West of Peiping. C. C. 
Wang and Y. Y. Lee. (Bulletin of the Geological Survey of China, 
1938, Apr., No. 31, pp. 11-24). The authors describe the geology 
and extent of the Yangchiatun coalfield about 20 miles north-west of 
Peiping. 'The total reserves are estimated to be 11,800,000 tons. 

Molybdenum—Its Ores, Occurrence, Metallurgy, Industrial Ap- 
plications, Production and Cost. M. A. Drath. (Prace Badawcze 
Huty Baildon, 1939, Feb., No. 5, pp. 3-19). (In Polish). The 
author surveys the occurrence of molybdenum-bearing ores 
throughout the world and describes in detail the bed recently 
discovered in the province of Sarny in East Poland. He also 
describes the processes of treating the ores and producing the metal 


and its compounds, 
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(Continued from pp. 262 A—263 A) 


First Report on Refractory Materials. (Iron and Steel Institute, 
1939, Special Report No. 26). This Report, comprising 478 pages, 
is divided into three main sections, the first of which consists of a 
foreword explaining the constitution of the various committees and 
panels, and a series of abstracts of all the papers which make up 
the Report. The second section deals with steelworks refractories, 
and the third section with blast-furnace linings. Abstracts of the 
individual papers are given below. 

An Introduction to Investigations on Steelworks Refractories. 
T. Swinden. (First Report on Refractory Materials, Iron and Steel 
Institute, 1939, Special Report No. 26, pp. 17-20). The work so 
far carried out by the Joint Panel of the Iron and Steel Industrial 
Research Council and the British Refractories Research Association 
is outlined by the Chairman. The present programme of the British 
Refractories Research Association has been examined, and particular 
attention has been devoted to that part of the work which deals 
with silica bricks and chrome-magnesite products. The programme 
also mentions other work at present in progress, for example, the 
production of bricks of high porosity for insulating purposes, in- 
vestigations of the mechanical properties of refractories, the action 
of slags and gases on refractories, &c. 

Allusion is made to plant investigations ; a study of casting-pit 
refractories has been commenced, and the definition of the working 
conditions encountered in the open-hearth furnace is contemplated. 

Refractories Used in the Production of Steel by the Basic Open- 
Hearth Process.-A Review. A. E. Dodd and A. T. Green. (First 
Report on Refractory Materials, Iron and Steel Institute, 1939, 
Special Report No. 26, pp. 21-146). The literature which has 
appeared on this subject is comprehensively and critically reviewed, 
and certain hitherto unpublished work is also included. Part 1 deals 
with refractories used in the basic open-hearth furnace itself, while 
in Part 2 the problem of casting-pit refractories is discussed. The 
first part is itself subdivided into a consideration of the furnace 
proper, by which is meant that part of the furnace above stage 
level, and an examination of the requirements of refractories for 
use in the regenerator chambers. 

The conditions encountered in the different parts of the furnace 
structure are reviewed and the properties demanded of the refrac- 
tories consequent on these conditions are then considered. Thus 
silica bricks are dealt with from the standpoints of the influence of 
the raw material and the method of manufacture on the durability 
of the fired product, and laboratory tests and some proposed speci- 
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fications for these materials. Magnesite refractories, silica cements, 
and chrome ore are treated in a similar manner. Up to this point 
the subject is limited to “standard practice,” defined for the 
purposes of this review as a furnace having a silica roof, walls, and 
port ends, incorporating a straight back wall and unrestricted and 
immovable ports. Deviations from such practice are then studied. 
Innovations in furnace design are first examined, and the suspended 
roof, sloping walls, and Venturi, Maerz, Friedrich, and other port 
designs are discussed from the standpoint of their probable effect 
on the life of the refractories. 

New types of open-hearth refractories are subsequently con- 
sidered ; in this section the literature on mineralised silica bricks, 
special varieties of magnesite bricks, dolomite, forsterite, and other 
special refractories, is reviewed, and, in view of its present interest, 
particular attention is devoted to the properties of chrome- 
magnesite bricks and their durability in the open-hearth furnace. 

Further topics comprehended in the heading “ Deviations from 
Standard Practice ” include the influence of the type of fuel burnt 
on the life of the furnace lining, and a general discussion of the 
possibility of insulating open-hearth furnaces. 

The remainder of Part 1 is confined to refractories used below 
the stage level. The thermal properties of chequer bricks, the 
influence of dust deposition, and the salvage of the bricks after use 
are considered, followed by a discussion on the influence of the type 
of fuel and on the deterioration of the chequers, and general features 
of regenerator design, including insulation. Three appendices to 
the first part of the review treat of kindred topics for which no 
place could be found in the body of the work. These are: (1) the 
warming-up of open-hearth furnaces; (2) the measurement and 
control of temperature in the open-hearth furnace, and (3) a note 
on the constitution of basic open-hearth slags and its relation to 
their viscosity. 

The literature on casting-pit refractories is reviewed in Part 2 
of this digest. Ladle linings are considered in the light of preliminary 
sections on the conditions of service, and possible influence of the 
slag and metal on the brickwork. Opinions which have been 
expressed relative to the properties demanded of the refractory by 
these conditions are then set down, and the existence of two schools 
of thought on the subject is revealed. The one demands a siliceous 
ladle-brick of comparatively low refractoriness, while the other holds 
the view that basic slags will best be resisted by firebricks of a more 
aluminous type. Linings composed of material other than fireclay 
are dismissed in a few pages, since only plumbago linings have as yet 
given promise of ultimate success. After sections on joints and 
jointing cements, ladle design and drying out, the discussion of 
ladle linings is brought to a close with a note on the possible effects 
of the ladle lining on the steel. 

The somewhat meagre literature on casting-pit accessories is 
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summarised under appropriate headings (viz. nozzles, stoppers, 
sleeves, runner bricks, hot tops, etc.), and the review is concluded 
with a brief survey of the present position of our knowledge of the 
subject of open-hearth refractories treated as a whole. 

Research on Composite Chrome Refractories.—A Summary of 
Investigations. W. J. Rees and T. R. Lynam. (First Report 
on Refractory Materials, Iron and Steel: Institute, 1939, Special 
Report No. 26, pp. 167-174). The properties of mixtures of 
chrome-ore and silica when moulded into briquettes and fired, are 
indicated ; in particular, the improved high-temperature strength 
of chrome bricks to which silica has been added may be noticed. 
The effect of pre-firing the mixture of chrome ore and silica is 
described, and the results obtained can in general be explained, 
relative to the first set of data, on the ground of more complete 
reaction between the constituent oxides. Laboratory slag tests 
reveal that the addition of more than about 12% of silica to a 
chrome batch seriously reduces the resistance to basic slags, and 
the chrome-silica bricks proved less durable in the back wall and 
gas slopes of the open-hearth furnace than ordinary chrome 
refractories. 

The results of similar work on the chrome-alumina series is 
subsequently described. Preliminary tests indicate that the 
alumina addition is beneficial in increasing the refractoriness-under- 
load without detracting from the slag resistance of the chrome ore 
when used alone. The results of grading experiments and the 
relative effects of industrial and laboratory firing on the properties 
of the product are outlined, followed by brief mention of the results 
of service tests. 

In the final section of this paper, the earlier work on chrome- 
magnesite refractories is summarised. Experiments on the high- 
temperature strength of chrome-magnesite mixtures are described. 
and the beneficial effect of the addition of 30% of magnesite to a 
chrome batch is illustrated by tabulated data. Results follow 
which indicate the necessity for the fine grinding of at least part 
of the magnesite fraction, and microscopical work is reviewed which 
suggests that the increased strength of chrome products to which 
magnesite has been added is due to combination of the silica present 
in the chrome ore with part of the magnesia to form forsterite, 
which has a fusion point of 1890°C. This finding led to experi- 
ments in which tale was added to a chrome batch, and the results 
of this phase of the work are briefly outlined. 

The possibilities of lime-bonded and barium oxide-bonded 
chrome bricks have also received attention, and although it is shown 
that lime bonding reacts unfavourably on the high-temperature 
strength, the incorporation of up to 10% of barium sulphate or 
carbonate appears effective from this standpoint. 

Some Experiments on Chrome-Magnesite-Dolomite Mixtures. 
Part I. The Effect of the Variations in the Chromite-Magnesite- 
Dolomite Ratio on Firing Shrinkage and Resistance to Hydration. 
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A. A. Chadeyron and W. J. Rees. (First Report on Refractory 
Materials, Iron and Steel Institute, 1939, Special Report No. 26, 
pp. 175-183). This investigation was primarily carried out in 
continuation of the experiments previously reported (see Bulletin 
of the British Refractories Research Association, 1937, vol. 44, pp. 
65-68), where it was shown that a low-grade chrome ore, when 
suitably proportioned with stabilised dolomite, gave rise to a mix- 
ture with promising refractory properties. In view of the encourag- 
ing results obtained, it was decided to investigate the properties of 
binary dolomite-chromite and dolomite-magnesite mixtures, espe- 
cially from a hydration view-point ; but to make the series more 
complete, ternary mixtures of chrome-dolomite-magnesite were also 
examined, so that eventually a complete ternary system was 
investigated. 

The results obtained seemed to indicate that hydration is less 
dependent on the proportions of dolomite present than on the 
amount of free lime present in the fired mixture, 7.e. lime which has 
not reacted with other constituents to form compounds resistant 
to hydration. It seems that these stable compounds are more 
easily formed by reaction with compounds such as chromite than 
with magnesite containing a much smaller proportion of impurities. 

Further work is planned on mixtures which have proved to be 
resistant to hydration, e.g. the 80: 20 dolomite-chromite and the 
70:20:10 dolomite-chromite-magnesite mixtures and others 
approaching these figures. It is hoped to investigate other pro- 
perties than hydration resistance, such as mechanical strength at 
high temperatures and slag resistance. 

Some Experiments on Chrome—Magnesite-Dolomite Mixtures. 
Part II. The Relationship between Free Lime and Hydration. A. A. 
Chadeyron and W. J. Rees. (First Report on Refractory Materials, 
Iron and Steel Institute, 1939, Special Report No. 26, pp. 185-188). 
To corroborate the conclusions drawn from the results reported in 
Part I. (see previous abstract), it was deemed worth while to examine 
some of the mixtures with a high dolomite content, and determine 
the amount of free lime present in each mixture after firing, and 
from the figures obtained ascertain whether any correlation with 
the hydration results could be drawn. The figures obtained seemed 
to indicate that in ternary mixtures containing dolomite, magnesite, 
and chromite, the amount of free lime does not vary necessarily in 
proportion with the amount of dolomite present in the mixture, but 
is also largely dependent on the presence or absence of other 
materials likely to react with the lime to form compounds resistant 
to hydration. In general, hydration seems to be particularly severe 
when the amount of free lime is over 10%. When hydration is not 
accompanied by a high free-lime content, it seems that the trouble 
must be due to other causes, e.g. the formation of other water-soluble 
compounds or compounds susceptible to hydration, and not to free 
lime. This explains why some of the mixtures containing only a 
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small amount of dolomite have a poor resistance to hydration, as 
for instance 90 : 10 and 70 : 30 magnesite-dolomite mixtures, where 
disintegration must be necessarily due to the hydration of magnesia 
or magnesium compounds. 

Some Factors uencing the Durability of Chrome-Magnesite 
Bricks in Basic Open-Hearth Furnaces. W. Hugill and A. T. 
Green. (First Report on Refractory Materials, Iron and Steel 
Institute, 1939, Special Report No. 26, pp. 189-199). The former 
hot face of chrome-magnesite bricks taken from an all-basic steel 
furnace was found to be covered with a loose, granular, blue-black 
layer which readily fell away and appeared to be quite free from 
bond. There were no signs of fusion in this surface layer, but the 
occurrence of flat facets suggested that recrystallisation had taken 
place. From 1 to 1} in. behind this zone spalling had occurred 
with the formation of cavities, which showed definite signs of fusion 
and were brown, in contrast to the blue-black working face. 
Analysis of these zones revealed a marked increase of iron oxide at 
the former hot face, a smaller increase in lime, and a decrease in 
magnesia ; as much as 128 parts of iron oxide and 7 parts of lime 
were in one instance taken up by 100 parts of brick. Chromic 
oxide had become concentrated at the hot face and magnesia in 
the zone behind this. Microscopic examination of the used roof- 
bricks showed absorption of magnetic oxide of iron at the working 
face. This absorption apparently caused the chromite grains to 
grow, squeezing the matrix further into the brick and obliterating 
the pores. The grains themselves showed laminations, and it 
appeared that further absorption of magnetic oxide in solid solution 
would have caused fracture at these lines of weakness ; the absorp- 
tion of iron oxide in this way is apparently limited only by the space 
available for expansion of the chromite grain. In the intermediate 
zone, where signs of fusion were noticed, a growth of enstatite 
surrounded globules of magnesio-ferrite in the orthosilicate ground 
mass, and it is significant that both enstatite and magnesio-ferrite 
soften at comparatively low temperatures. 

Notes on the Preparation and Properties of Some Synthetic 
Spinels. W. Hugill. (First Report on Refractory Materials, Iron 
and Steel Institute, 1939, Special Report No. 26, pp. 201-204). In 
order to elucidate some of the problems associated with the 
behaviour of chrome-magnesite bricks in service, certain members 
of the spinel group of minerals have been prepared from chemically 
pure materials and some of their properties have been determined. 
Spinel (MgAl,0,), picrochromite (MgCr,0,), chromite (FeCr,0,), 
and magnesio-ferrite (MgFe,0,), were synthesised with comparative 
facility, but extreme difficulty was encountered in preparing 
hercynite (FeAl,O,). 

The Tridymitisation of Silica Bricks. A. A. Chadeyron and 
W. J. Rees. (First Report on Refractory Materials, [ron and Steel 
Institute, 1939, Special Report No. 26, pp. 205-210). Previous 
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work on this problem is briefly referred to, and particular mention 
is made of earlier experiments in which phosphates or phosphoric 
anhydride were added as mineraliser. In the present work, 0-5%, 
of sodium metaphosphate was added to a normal lime-bonded 
silica-brick batch, and calcium metaphosphate (equivalent to 2°, 
of lime) was added to a silica batch in which no other bond had 
been included. The addition of the sodium metaphosphate 
decreased the specific gravity and apparent porosity, while the 
mechanical strength at high temperatures remained comparatively 
unaffected. Micro-examination of the experimental and normal 
bricks indicated that the tridymite crystals in those bricks to which 
the metaphosphate had been added were better formed and 
somewhat larger than in the normal brick. The use of calcium 
metaphosphate as composite bond and mineraliser appears to favour 
cristobalite formation, as revealed both by the thermal expansion 
curve and by micro-examination. The high-temperature strength 
of the calcium metaphosphate-bonded bricks was identical with 
that of the normal lime-bonded product. 

Nomenclature for Sections of the Open-Hearth Furnace. (First 
Report on Refractory Materials, Iron and Steel Institute, 1939, 
Special Report No. 26, pp. 211-212). Some divergence has long 
existed in the systems of nomenclature adopted in different districts 
for describing the various sections of the open-hearth furnace. The 
Panel therefore decided to draw up a scheme offering a compromise 
between these local divergences, and this is illustrated by means of 
a diagram. The nomenclature is divided into two sections, the 
first defining each of the forty or more divisions of the furnace 
structure, while the second groups these into some dozen sections 
suitable for use in the allocation of refractories. 

Progress Report of Investigations for the Open-Hearth Refrac- 
tories Joint Panel. (First Report on Refractory Materials, Iron and 
Steel Institute, 1939, Special Report No. 26, pp. 213-215). A brief 
summary is presented of the investigation work now in progress for 
the Open-Hearth Refractories Joint Panel formed by the Joint 
Refractories Research Committee of the Iron and Steel Industrial 
Research Council and the British Refractories Research Association. 

Blast-Furnace Linings. Part III. Preliminary Results of the 
Examination of Bricks taken from Furnaces off for Relining. A. T. 
Green, W. Hugill, and H. Ellerton. Part IV. An Investigation of 
the Linings of Three Blown-Out Furnaces. W. Woodhouse, W. 
Hugill, and A. T. Green. (First Report on Refractory Materials, 
Iron and Steel Institute, 1939, Special Report No. 26, pp. 217-294). 
A detailed examination has been made of the condition of bricks 
taken from four blast-furnaces which were off for relining. The 
samples were taken systematically at regular intervals down the 
stack and bosh, and at different positions at the various levels. 
They included samples not only of the front or hot face bricks, but 
of the middle and back bricks. In three instances the final contour 











3244 REFRACTORY MATERIALS. 


of the furnace lining and its accretions of scar have also been 
indicated. When making observations on the individual samples 
attention was directed particularly to (1) evidence of tendency to 
spalling, of increasing vitrification, of discoloration, and of uneven 
erosion; (2) the disintegrating action of carbon monoxide and 
depositions of carbon around “iron spots” as nuclei; (3) the 
impregnation with alkali salts; (4) the presence of metallic crystals 
or globules or of crystals of metallic sulphides. In particular cases 
quantitative analyses have been made. 

The data obtained have indicated that at a distance of about 
10-15 ft. above the bosh considerable wearing of the lining takes 
place and that this is the most important zone of deterioration. 
There is evidence of intense high-temperature actions at positions 
in the stack not usually regarded as being subject to them, which, 
coupled with slag action, has resulted in erosion and spalling of the 
brickwork. The brickwork of the bosh has also shown signs of 
intense erosion and slag action, probably kept in check by the 
adoption of water-cooling. Evidence of the disintegration of bricks 
by carbon monoxide has been obtained at almost all positions in 
the furnace. In the lower portion of the stack the middle and back 
bricks are affected, seriously in some cases, whilst in the upper 
portion of the stack the front and middle bricks appear to show the 
greater attack. Alkali action has been observed to a considerable 
extent in all the furnace linings examined and probably accounts, 
in large measure, for the destruction of the brickwork at about 
10-18 ft. above the bosh. Zinc compounds and lead globules have 
been noted in several of the furnaces examined, particularly in 
bricks disintegrated by the action of carbon monoxide; but the 
investigations have not shown definitely whether they affect the 
durability of the lining adversely. There is some evidence that 
this is the case. 

The examinations have indicated the necessity for thin and 
adherent joints of low permeability, as it is via inadequate joints 
that the passage of the various deleterious agents to the interior of 
the brickwork can readily take place. 

The Action of Slags on Refractory Materials. Part I. The 
Application of Certain Tests to the Study of the Action of Blast- 
Furnace Slags on Refractory Materials. W. Hugill and A. T. Green. 
(First Report on Refractory Materials, Iron and Steel Institute, 
1939, Special Report No. 26, pp. 295-349). Three methods of 
testing have been applied to the study of the action of four blast- 
furnace slags on silica, clay, and aluminous refractories. By 
measuring the refractoriness of a range of mixtures of powdered slag 
and brick, curves have been obtained which correlate with the data 
of the lime-silica—alumina phase diagram. Relatively low minimum 
temperatures of softening have been found, varying only from 1140° 
to 1200° C. despite a wide variation in the composition of the bricks. 
In the second method, standard cylinders of compressed slag 
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have been melted under specified conditions on the upper surface 
of the test bricks. It has been found that liquefaction first occurs 
at the temperature of minimum melting, and by the continued 
interaction of this liquid, anorthite (lime felspar) crystals are found 
except in the case of silica bricks. The residual liquid penetrates 
further into the brick and promotes the crystallisation of mullite 
in all but the highly siliceous materials. These as a class show 
marked penetration. Indications of an order of merit in the fireclay 
and aluminous bricks have been found from measurements of the 
depth of corrosion and penetration. 

In the third method powdered slag has been injected into a 
blast flame impinging at 45° on the surface of the test bricks. The 
bricks fell into two classes—the silica bricks and the remainder— 
and tentative orders of merit have been assigned to the bricks in 
each class. In this test two of the slags, consisting mainly of 
gehlenite, behaved somewhat differently from two others which 
approximated more to calcium orthosilicate in composition. 

The Action of Slags on Refractory Materials. Part I. Some 
Observations on the Corrosive Action of Lime on Aluminous, Fire- 
clay and Silica Bricks. W. Hugill, R. L. Ainsworth and A. T. 
Green. (First Report on Refractory Materials, Iron and Steel 
Institute, 1939, Special Report No. 26, pp. 351-357). Prompted 
by the nature of some of the results obtained in a previous 
investigation (see preceding abstract), the corrosive action of lime 
itself on aluminous, fireclay, and silica bricks has also been studied 
by the second test method (see previous abstract). Except where 
there was evidence of incomplete reaction, anorthite has been shown 
to be the chief identifiable end-product of the reaction. The re- 
sidual liquid from the crystallisation of anorthite penetrating within 
the brick has also promoted the crystallisation of mullite in the case 
of the firebrick products, and corundum in the case of the more 
aluminous bricks. For the bricks having alumina contents varying 
from 59% to 8% the depth of corrosion increased as the alumina 
contents decreased. The depth of penetration of liquid below the 
corrosion zone has been found least for bricks of approximately 
normal fireclay composition. 

The Action of Alkalies on Refractory Materials. Summary of 
Parts I. to IX. F.H. Clews and A. T. Green. (First Report on 
Refractory Materials, Iron and Steel Institute, 1939, Special Report 
No. 26, pp. 359-382). The investigations carried out prior to 1938 
have concerned the action of the vapour from different alkali com- 
pounds on various aluminous, fireclay, and silica refractories. They 
have been classified as follows : 


A. The interaction with the vapour of (a) potassium hydr- 
oxide, (6) a potash-silica glass, (c) sodium aluminate. 

B. The interaction with the vapour of potassium and sodium 
chloride. 
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C. The interaction with the vapour of sodium carbonate. 
D. The volatilisation of potash and soda from alkali- 
impregnated refractories. 


The reactions studied in Section A. do not require any accessory 
agent for reaction to occur and are free from complications due to 
the presence of acid radicles. The reactions reported in Section A. 
(a) have shown a dependence primarily on the chemical nature of 
the refractory, absorptions of alkali at 1000° C. being less with bricks 
of normal fireclay composition than with silica bricks and aluminous 
fireclay bricks. These effects were not so pronounced with the 
studies with a potash-silica glass at 1200° C. in which much smaller 
increases in weight resulted. Under these conditions the porosity 
has been shown to exert a considerable influence, as does also the 
degree of firing which the test material has received. In the case 
of sodium aluminate the more siliceous products have been shown 
to absorb soda more quickly than the more aluminous products. 

In Section B. it is shown that in the presence of dry air at 1000° C. 
potassium chloride vapour reacts more readily with fireclay products 
than with silica, but this distinction is not so marked when moisture 
is also present. A feature of the reaction with alkali chlorides is the 
tendency of the materials to expand without loss of shape. Linear 
expansions of as much as 4% have been recorded. Another aspect 
of the action of alkali chlorides is the tendency for iron and other 
oxides to migrate to the surface of the brick or be completely 
volatilised. 

The action of the vapour from sodium carbonate (sez Section 
C.) has shown some analogy with that of alkali chlorides in being 
absorbed more readily by the fireclay products than by the silica 
materials. Expansions, such as occurred with the alkali chlorides, 
have not been observed. 

The volatilisation of potash and soda from alkali-impregnated 
samples (discussed in Section D.) has shown a dependence on the 
chemical nature of the refractory. It occurred most rapidly from 
the silica specimens, less rapidly with siliceous fireclay and fireclay 
materials, and least rapidly with the aluminous fireclay products. 
The absorption and revolatilisation of alkali are thus shown to be a 
possibility in high-temperature installations, as is also the transfer 
in a state of vapour of alkali from coal or coke ash. 

The Action of Alkalies on Refractory Materials. Part X. An 
Examination of the Reactions of Sodium Chloride Vapour with 
Refractory Materials at 1000° C., and the Conditions Leading to the 
Volatilisation of the Brick Constituents. F. H. Clews, H. M. 
Richardson, and A. T. Green. (First Report on Refractory 
Materials, Iron and Steel Institute, 1939, Special Report No. 26, 
pp. 385-395). In a study of the conditions necessary to promote 
the volatilisation of iron and other oxides various refractory 
materials have been heated at 1000° C. in the vapour of sodium 
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chloride in atmospheres of dry and moist nitrogen, and dry and 
moist air or oxygen. The nature and amount of the volatilised 
products have been determined. It has been shown that although 
some slight action may occur in the presence of dry nitrogen, the 
reaction is soon completed. These conditions favour the removal 
of the iron oxide, lime, and alumina from the brick. When oxygen 
is introduced into the system, the reaction of the brick with the 
salt is increased. These conditions favour the migration of the iron 
oxide from the interior to the exterior of the brick. The localised 
deposit of iron oxide has been shown to be capable of decomposing 
carbon monoxide at 400° C. with the formation of growths of carbon. 
When steam is introduced into the system, migration of oxides is 
not so apparent, although reaction with the brick is in general 
increased. 

The Action of Alkalies on Refractory Materials. Part XI. Ex- 
periments on the Alterations in Strength.when Refractory Materials 
are Exposed to Potassium Chloride Vapour at 1000°C. F. H. 
Clews, H. M. Richardson, and A. T. Green. (First Report on 
Refractory Materials, Iron and Steel Institute, 1939, Special Report 
No. 26, pp. 397-400). Measurements have been made of the 
alterations in strength which occur due to the action of alkali 
chloride vapour. For this purpose specimens of firebrick, sillimanite, 
siliceous, silica, chrome, and magnesite bricks have been exposed 
to the action of potassium chloride vapour at 1000° C. and their 
moduli of rupture compared with those of similar specimens merely 
heated in the same way, The firebrick specimens were considerably 
weakened by the chloride treatment, the sillimanite, silica, and 
magnesite specimens not greatly altered, and the siliceous and 
chrome products considerably strengthened. It is evident that the 
changes in strength after exposure to potassium chloride cannot be 
related with the changes in dimensions of the specimens. Other 
factors intervene, such as the development of glassy material and 
the effect of heat treatment in itself. 

Jointing Cements. Summary of PartsI. to VII. IF. H. Clews and 
A. T. Green. (First Report on Refractory Materials, Iron and 
Steel Institute, 1939, Special Report No. 26, pp. 401-423). A 
summary is given of investigations carried out prior to 1938. Data 
have been presented illustrating the application of the usual 
technical clay and refractories tests to the evaluation of jointing 
cement mixtures. The development of a maintained temperature 
refractoriness-under-load test and its use for the determination of 
some of the important characteristics of fireclay and silica re- 
fractories have been described. In particular the relative mechanical 
stability at high temperatures of cements based on the use of 
firebrick grog, sillimanite, and a calcined refractory clay has been 
given.. For silica cements the effects on the stability and the tend- 
ency to expansion, of the grading, the content of crushed silica 
brick, the content of lime, and the content of clay have been 
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similarly investigated. Of the silica cements tested the most 
generally satisfactory cement contained graded ganister and graded 
silica. brick with a total content of lime of about 3% and about 
3% of clay. 

Relative values for various cold-setting additions have also been 
presented. An account has also been given of an attempt to use 
measurements of permeability to determine the degree of bonding 
of the cement to the brick and its dependence on the temperature 
of firing. 

Jointing Cements. Part VIII. A Survey of the Properties of 
some Commercial Jointing Cements. F.H.Clews, H. M. Richardson, 
and A. T. Green. (First Report on Refractory Materials, Iron and 
Steel Institute, 1939, Special Report No. 26, pp. 425-442). Twenty- 
two cements of various types have been submitted to tests designed 
to assess their working and refractory properties. The working 
properties have been examined on the basis of three tests. In the 
first, the water-retaining capacity of the cement has been measured 
by determining the water contents of the cement before and after 
applying a reduced pressure of 14-5 in. of mercury for 5 min. The 
most workable cements had a good water-retaining capacity. The 
second test involves the measurement of the deformation of the 
cement under increasing load over a range of water contents. The 
most workable were deformable over a wide range of water content. 
The third test measures the tendency of the cements to spread 
under a standard vibration. The property of spreading under 
vibration may be considered advantageous in those cements possess- 
ing small or medium deformability under static loads. The results 
obtained have been considered in relation to the data obtained by 
sieve analyses and measurements of the drying contraction. 

The refractory properties of the cements have been assessed by 
the measurement of the expansion—contraction characteristics and 
strength of joint developed on heating to and maintaining at 
temperatures of 1200° C. and 1300° C. under either a compression 
of 10 lb. per sq. in. or a small tension. In addition, determinations 
of firing shrinkage and refractoriness have been made by the usual 
methods. The cements which showed good stability under a load 
of 10 lb. per sq. in. at 1300° C. contained either sillimanite or were 
siliceous in character. With some exceptions, the fireclay cements 
have shown more than 10% subsidence under a load of 10 Ib. per 
sq. in. at 1300° C. 

The Refractoriness-under-Load Test. Summary of Parts I. to IV. 
F. H. Clewsand A.T.Green. (First Report on Refractory Materials, 
Iron and Steel Institute, 1939, Special Report No. 26, pp. 443-458). 
A summary is given of investigations carried out prior to 1938. 
The recognised variants of this test may be described as (1) the 
increasing temperature-constant load test in which a test-piece under 
a prescribed load is heated at a prescribed rate of increase of tem- 
perature and the expansion or subsidence of the test-piece recorded ; 
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(2) the maintained temperature-constant load test in which the test- 
piece is heated under a definite load to a predetermined temperature, 
which is maintained for a given period and the expansion or subsid- 
ence recorded ; (3) the maintained temperature-increasing load test. 

Investigations of the first procedure have involved an examina- 
tion of (a) the effect of the rate of rise of temperature; (b) the 
effect of the cross-section of the test-piece (height constant) ; (c) the 
effect of the height of the test-piece (cross-section constant) ; (d) the 
effect of the expansion of the thrust column on the results obtained. 
With specimens measuring 3-5 in. x 2 in. x 2 in. and the tempera- 
ture raised at 15°, 10°, 5°, and 3° C. per min., considerable differences 
in the temperature of failure were noted, reaching as much as 
100° C. for the fireclay and 60° C. for the silica, using the fastest 
and slowest rates. Similar results were obtained with specimens of 
square cross-section measuring 3-5 in. high, and respectively 2-25, 
2:0, 1:75, 1-25 and 1 in. side with a constant rate of increase of 
temperature of 10°C. per min. These results are attributed to an 
appreciable temperature gradient within the specimen. The effect 
of the height of the test-piece has been shown to be less serious, 
though quite definite in the case of firebricks. It has also been 
shown that the expansion of the thrust column distorts the form of 
the curve obtained and may give misleading results, particularly in 
regard to the temperature of initial deformation. A method of 
obtaining results which are not affected by the expansion of the 
thrust column has been described. 

The Refractoriness-under-Load Test. Part V. Experiments on 
the Behaviour of Some Firebricks at High Temperatures under 
Increasing Load. F. H. Clews and A. T. Green. (First Report on 
Refractory Materials, Iron and Steel Institute, 1939, Special Report 
No. 26, pp. 459-466). With the object of circumscribing the 
behaviour of. refractory materials in the under-load test, it was 
considered necessary to examine the usefulness of the increasing- 
load test and find whether there was any justification for its 
apparent neglect. The present contribution deals only with fireclay 
and clay-bonded products. The behaviour of four clay-bonded 
refractory materials at various fixed temperatures between 1300° C. 
and 1450°C. under an increasing load has been examined, and 
deformation curves giving a useful indication of the load-bearing 
characteristics were obtained. It is concluded that the increasing 
load test for fireclay and similar refractories is equally as informative 
as the rising temperature procedure, and possesses a few slight 
advantages over it. 

The Refractoriness-under-Load Test. Part VI. Further Experi- 
ments on the Behaviour of Refractory Materials at High Tempera- 
tures under Increasing Load. F. H. Clews, W. F. Ford, and A. T. 
Green. (First Report on Refractory Materials, Iron and Steel 
Institute, 1939, Special Report No. 26, pp. 467-475). Experiments 
described in Part V. of this series (see preceding abstract), recorded 
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the behaviour of some fireclay products when submitted to a 
gradually increasing load at various fixed temperatures between 
1300° and 1450°C. These materials underwent a continuously 
increasing deformation as the applied load was increased, and the 
resulting load-deformation curves had certain analogies with the 
temperature-deformation curves of the normal refractoriness-under- 
load test. The present series of experiments is concerned with the 
application of the increasing-load procedure to silica, chrome, and 
magnesite products—materials which usually fail by shearing under 
load at high temperatures. The following is a summary of the 
investigation: (1) The behaviour of four silica bricks, two mag- 
nesite, one chrome, and one chrome-magnesite brick at various 
fixed temperatures under increasing and under constant load has 
been examined. Determinations of the normal refractoriness-under- 
load have also been made. (2) The results of the increasing load 
test were subject to appreciable variation, but average values could 
be used with advantage to discriminate between the different 
products. (3) Rather more consistent results were obtained in one 
instance with cubic test-pieces of 1-5 in. side than with the taller 
rectangular pieces measuring 3-5 in. x 2 in. xX 1-5 in. (4) The 
relative merits of the different variants of the refractoriness-under- 
load test have been briefly discussed. 

Progress Report on Investigations for the Blast-Furnace Refrac- 
tories Panel. (First Report on Refractory Materials, Iron and Steel 
Institute, 1939, Special Report No. 26, pp. 477-478). In this brief 
progress report some particulars are given of the investigations now 
proceeding. One of these has the object of obtaining a continuous 
record of the temperatures at various positions in a blast-furnace 
lining during a complete campaign. It is hoped to collect data with 
a view to assessing the effect on the lining temperature of water- 
cooling the stack. Laboratory investigations are also proceeding, 
and these include a study of the effect of sodium carbonate and 
sodium sulphate on refractory materials and the application of 
some new methods for testing such properties as the water-retaining 
capacity of refractory cements and the tendency of the cement to 
spread under vibration. 
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Determination of the Minimum Temperature of Sustained Com- 
bustion of Solid Fuels. H. W. Nelson, O. P. Brysch, and J. H. 
Lum. (Pennsylvania State College, Mineral Industries Experi- 
mental Station, Bulletin No. 22: Fuel in Science and Practice, 1939, 
vol. 18, Feb., pp. 42-55). In this account of the investigation of 
the ignition point of solid fuels the authors discuss first the three 
methods used, namely: the constant temperature method, the 
rising temperature method, and the adiabatic or compensated 
temperature method. They consider next the factors which affect 
the determination and the means of controlling them. They then 
go on to describe the apparatus they developed for determining the 
ignition point of anthracite. This consisted of a small, cylindrical 
electric furnace in which the sample of fuel was gradually heated 
in a stream of oxygen. The changes of temperature of the furnace 
wall and at the surface of the anthracite were carefully recorded 
and time-temperature curves plotted. The ignition temperature 
was taken to be that indicated by the point of intersection of the 
two curves. In conclusion the authors discuss the results obtained 
on testing a large number of American anthracite samples, and 
compare them with those obtained by other methods. 

Ten Years’ Development in Steam Engineering at the Port 
Kembla Steelworks, N.S.W., Australia. H. Escher. - (Iron and 
Steel Institute, 1939, this Journal, pp. 443p-473P). The author 
reviews the developments in steam engineering that have taken 
place at the Port Kembla Steelworks of Australian Iron and Steel 
Ltd., New South Wales, Australia, since the plant was put into 
operation in 1928. The paper is in two main parts. In the first, 
dealing with steam generation, the author describes early difficulties, 
the first boiler-house extension, the introduction of pulverised fuel, 
and the conversion of the gas-fired boiler plant to use this material, 
the blast-furnace-gas supply, combustion-chamber design, baffling 
and super-heater location, the mechanical draught plant, com- 
bustion control and the instruments used, and the burning of coke 
breeze. In the second part, dealing with steam utilisation, the 
general distribution of the steam and its use in the blast-furnace 
plant, electric generators, open-hearth plant, rolling mills, and by- 
product coke-ovens are discussed. 

Power-Plant Developments in the Steel Industry. W. P. Palmer. 
(Blast Furnace and Steel Plant, 1939, vol. 27, Jan., pp. 67-72). 
The author describes the No. 5 power-station at the South Works 
of the Carnegie-Illinois Steel Corporation. The station includes 








332 A FUEL. 


three boilers of the bent-tube, 4-drum type designed to supply 
steam for the turbines at a pressure of 450 lb. per sq. in. at 760° F. 
The maximum capacity of each boiler when burning blast-furnace 
gas is 340,000 lb. of steam per hr. Electricity is generated by a 
25,000-kW. turbo-generator equipped with direct-coupled main and 
pilot exciters, which produces 3-phase A.C. at 13,800 V. and 25 
cycles. 

The Radiation from Non-Luminous Gases. W. Trinks. (Indus- 
trial Heating, 1939, vol. 6, Jan., pp. 11-16, 30). In this mathe- 
matical discussion the author considers the laws governing the 
radiation of heat from hot surfaces to a gas flowing between them, 
and the heat transfer of water vapour and carbon dioxide mixed 
with nitrogen at temperatures up to 1300° C. He refers in particular 
to the work of E. Eckert (see Journ. I. and §.I., 1937, No. IL., 
p. 57 a). 

The Preparation of Coal with some Reference to Coal-Breaking. 
D. T. Davies and E. T. Wilkins. (Year-Book of the Coke-Oven 
Managers’ Association 1939, pp. 212-225). In this discussion of the 
process of coal-breaking the authors consider the influence of the size 
of the coal fed to the breaker upon the product, the performance of 
different types of machine, and the effects of changing the machine 
speed and of changing the angle of inclination of the breaker plate. 
From the examples quoted they show at which stages in the pro- 
cesses of coal preparation the greatest degree of degradation occurs. 
In the second part of their paper they consider the dust-proofing of 
coal and coke, which consists of spraying the fuel with an oil, oil 
emulsion, or calcium chloride solution. The effect is to create an 
extremely thin film on the surface of the lumps, which agglomerates 
the dust by surface-tension forces and dust is therefore not free 
to rise during subsequent handling. They describe some types of 
nozzle suitable for spraying coal, and state that, generally speaking, 
0-5 gal. of oil is sufficient to treat 1 ton of coal, but low-carbon 
high-volatile coals require a larger quantity. 

A Further Proposal for the Estimation of Coal Preparation Pro- 
cesses. W. Riebeck. (Gliickauf, 1939, vol. 75, Mar. 11, pp. 213- 
219). The author refers to the work of K. F. Tromp and H. Paul 
on methods of determining the efficiency of coal-washing processes 
(see Journ. I. and S.I., 1937, No. I., p. 253 a and 1938, No. IL., p. 
2 a), and in this paper describes a laboratory method by which the 
relationship between the densities, distribution of grains and the 
grain size of samples of coal can be determined. The results 
obtained are presented as graphs. He shows that even small 
differences between two processes are brought out by this method 
of evaluation. In conclusion he shows that his process can be used 
as a method of checking the efficiency of a full-scale plant. ; 

Filtration in the Coal Industry. L. Muller. (Revue de |’Industrie 
Minérale, Mémoires, 1939, Feb. 15, pp. 55-65). After discussing 
the theory of the filtration of sludge from coal washeries, the 
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author describes the principles of the Kirkless separator, and of a 
number of horizontal and vertical rotary vacuum filters. He con- 
cludes by presenting a table in which the results obtained with five 
filters in different parts of France are compared, and discusses the 
costs of operation. 

Pulverized Coal. C. F. Herington. (Iron Age, 1939, vol. 143, 
Jan. 19, pp. 27-29, 57; Feb. 2, pp. 48-50, 84). In the first of these 
two articles, the author discusses some faults in the design and 
layout of pulverised-coal plant and equipment for industrial furnaces 
during the period 1915-25, and then goes on to describe a modern 
plant with particular reference to the position of the pulveriser and 
the method of distributing the fuel to the consuming points. In 
the second part the author describes some metallurgical furnaces 
fired with pulverised coal and the systems of automatic control 
used in conjunction with them. 

Coke-Oven Reconstruction at the Tata Iron and Steel Works, 
Jamshedpur. R. J. Barritt. (Iron and Coal Trades Review, 1939, 
vol. 138, Mar. 10, pp. 452-456). The author describes and illustrates 
the progress of the reconstruction of the coke-ovens and by-product 
plant at the Jamshedpur Works of the Tata Iron and Steel Co. 
The work was commenced in 1935, and is to be completed in 1940. 
The plan consists of the replacement, in three stages, of the 
three existing batteries of 50 ovens each with the following plant 
and equipment: one new battery, capacity 850-1000 tons of coke 
per day, with a 3500-ton coal bunker and conveyors; new coke- 
handling plant, capacity 4320 tons per day, including the delivery 
of the coke to a 600-ton bin at the furnaces ; and a new by-product 
plant on the semi-direct system, capacity 4800 tons of coal per day 
in two units of 2400 tons capacity each, to be followed by a second 
and a third battery. The building of the first two batteries and 
their auxiliary equipment was completed in December 1938. The 
author gives details of all the equipment. With regard to the 
ovens, it may be noted that these are Simon-Carves Otto type 
twin-flue underjet compound ovens, 44 ft. 5 in. long by 14 ft. 7 in. 
high by 17? in. mean width. 

The Koppers Compound Recirculating Coke-Oven. (L’Effort 
d’Outillage dans les Mines, 1939, Feb. 15, pp. 61-67, Supplement 
to Revue de |’Industrie Minérale). A description is given, with 
numerous diagrams, of some of the constructional details of the 
latest design of Koppers compound recirculating coke-oven. 

Coalification and Carbonization. H. L. Riley. (Year-Book 
of the Coke-Oven Managers’ Association, 1939, pp. 420-430). Having 
regard to the value of coking coals and to the fact that the reserves 
of this class of fuel are not inexhaustible, the author considers the 
question whether it is possible, by some simple process, to imitate 
artificially the natural metamorphosis which has occurred in the 
coal-bed in the production of coking coal, or, in the case of coals 
which have passed the coking-coal stage, to reverse the process of 











334 A FUEL. 


natural metamorphosis. He first considers briefly “ coalification,” 
by which is meant the metamorphosis of vegetable débris into coal, 
and then deals more fully with carbonisation. From the results 
obtained by many investigators he finds that there is a fundamental 
similarity between the process of the formation of anthracite in 
vo and the process of carbonisation up to approximately 
700° C. ‘ 

Carbonizing Properties of West Virginia Coals and Blends of 
Coals from the Alma, Cedar Grove, Dorothy, Powellton A, Eagle, 
Pocahontas, and Beckley Beds. A. C. Fieldner, J. D. Davis, W. A. 
Selvig, R. Thiessen, D. A. Reynolds, C. R. Holmes, and G. C. 
Sprunk. (United States Bureau of Mines, 1939, Bulletin 411). 

Carbonizing Properties of a Sub-Bituminous Coal from Puritan 
Mine, Dacono, Weld County, Colorado. J. D. Davis and V. F. 
Parry. (United States Bureau of Mines, 1939 Report of Investi- 
gations, No. 3428). The authors report the results of their 
investigation of a sample of sub-bituminous coal typical of the 
Denver mining area in North-eastern Colorado. They determined 
the quantity and quality of the products obtained when samples 
were carbonised at temperatures of 500°, 600°, 700°, 800°, and 
900° C. 

The Influence of Carbonising Conditions on Coke Properties. 
Part II. The Effect of Pressure, Temperature, Rate of Heating and 
** Soaking ’? on Coke Strength. H. E. Blayden, W. Noble, and 
H. L. Riley. (Iron and Steel Institute, 1939, this Journal, pp. 75 p- 
91P). A quantitative study of the effect of the carbonising 
conditions upon the properties of coke has been made by methods 
similar to those described in Part I of this research (Journ. I. and 
S.I., 1937, No. IL., p. 47). The results obtained indicate that 
relatively small pressures up to approximately 40 lb. per sq. in. 
applied during carbonisation bring about great increases in the 
strengths of cokes prepared from weakly coking coals. Further 
increases in pressure up to 500 Ib. per sq. in. have little or no effect 
upon the coke strength. The development of coke strength during 
carbonisation has been found to occur in two distinct temperature 
ranges. In the first, 400-550° C., which coincides with the plastic 
range, the coke strength is greatly affected by the pressure applied 
during carbonisation. The second temperature range is from 650° C. 
upwards, when the strength developed depends only on _ the 
maximum temperature reached during carbonisation and is 
independent of the pressure (up to 500 Ib. per sq. in.) applied during 
carbonisation. Variations in the rate of carbonisation and time of 
soaking, bring about only small differences in strength. The sig- 
nificance of these results is discussed. 

Coal Expansion. W..T. Brown. (Blast Furnace and Steel 
Plant, 1939, vol. 25, Feb., pp. 172-174). The author describes an 
apparatus developed by the Bethlehem Steel Co. for testing the 
swelling properties of coal. This apparatus consists of an oven 
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36 in. long Xx 11 in. wide heated by a unidirectional flow of hot gas 
passing through flues underneath it. It takes a charge of 52 Ib. 
of the coal to be tested, which is evenly distributed to a depth of 
4in. A weighted steel piston with a small clearance all round, and 
several vent pipes to permit the escape of the gases, presses down 
on the charge with a pressure of 2-25 lb. per sq. in. The sample is 
baked for 8 hr. with the flue temperature at 2350° F. The piston 
rod is connected to a bracket, to which are attached two spring 
balances, and these indicate the expansion or contraction of the 
coal; a recording device is also fitted. The author reproduces 
graphs obtained with this apparatus when testing a number of 
American coals. 

Hydrogenation of the Banded Constituents of Coal—Fusain. 
C. H. Fisher, G. C. Sprunk, A. Eisner, L. Clarke, and H. H. Storch. 
(Industrial and Engineering Chemistry, 1939, vol. 31, Feb., pp. 190- 
195). The authors report on an investigation undertaken to 
obtain information on the behaviour of the fusain in coal during 
liquefaction by hydrogenation. The author describes how seven 
fusains were hydrogenated at 400°, 415°, and 430°C. with hydro- 
gen at 1000 lb. per sq. in. (pressure in the cold state) in the presence of 
tetrahydronaphthalene and stannous sulphide. It was found that 
liquefaction was effected in every instance, and in two cases to the 
extent of about 25%. The oils and pitch produced were similar to 
those obtained previously by hydrogenating a Pittsburgh seam 
coal. 
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(Continued from pp. 265 a—268 a) 


All-Welded Blast-Furnace. J. Stoecker and A. Rein. (Demag 
News, 1938, vol. 12, Dec., pp. 19-28: Iron and Steel, 1939, vol. 12, 
Mar., pp. 328-336). The authors describe the reconstruction of one 
of the Bochumer Verein blast-furnaces in 1936. This is an English 
translation of an article in Stahl und Eisen, 1938, vol. 58, Sept. 
8, pp. 965-970. (See Journ. I. and 8.I., 1938, No. IT., p. 343 a). 

Design and Operation of a Modern Blast-Furnace. J.C. Barrett. 
(Iron and Steel Engineer, 1939, vol. 16, Feb., pp. 17-26). Com- 
mencing his discussion of the design and operation of a modern 
blast-furnace with a historical survey of the dimensions and capacity 
of blast-furnaces in America since 1870, the author proceeds to 
consider in detail the design of a furnace to produce 1000 tons of 
iron per day. He deals in particular with the contour of the lining 
and in less detail with the design of the stoves, the stocking and 
charging equipment, the sequence of the charging operations, dust 
catchers, the quantity, temperature and pressure of the blast, the 
dimensions of the tuyeres and devices for improving the distribution 
of the burden. In conclusion he shows that each blast-furnace will 
always have its own characteristics, and as an example of a means 
of turning these to good account, he suggests that by observing the 
conditions at the tuyeres, the charging and the gas at the top of the 
furnace, experience is soon gained as to the best method of working 
that particular furnace. 

New Turbo Blower in Scottish Ironworks. (Iron and Steel 
Industry, 1939, vol. 12, Feb., pp. 308-309). A description is given 
of a turbo-blower recently installed at the Coatbridge blast-furnaces 
of William Baird and Co., Ltd. The blower has four stages of 
compression, and when operating at 10 lb. per sq. in. the maximum 
volume is 42,000 cu. ft. of air per min., the pumping limit is 9000 
cu. ft. per min. The turbine is driven by steam at 155 lb. per sq. 
in. at 470° F. 

Revolving Top Control. (Steel, 1939, vol. 104, Mar. 6, pp. 54- 
56). A description is given of the McKee revolving charge dis- 
tributor and bell mechanism for blast-furnaces. The furnace is 
equipped with a large stationary hopper mounted directly above 
the revolving hopper, the bottom of the latter being closed by the 
small bell. Lowering the small bell permits the charge to fall into 
the large stationary hopper sealed by the large bell, which, when 
lowered, discharges the material into the furnace. Successive 
rounds, each consisting of a given number of skip loads of ore, coke, 
and limestone, are charged into the furnace, but between the 
rounds the small hopper is rotated through a predetermined angle, 
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thus causing an even distribution of the charge in the furnace. A 
feature of the equipment is the system of control by an extremely 
accurate time relay, which can be adjusted to operate at any 
interval from a fraction of a second to 30 min. The control 
instrument is housed on the ground, and therefore eliminates some 
of the risk which attaches to men working at the furnace top. 

Experiences in American and European Iron and Steel Works 
with Special Reference to the Smelting of Fine Ores and Carbonates. 
H. A. Brassert. (Revue Technique Luxembourgeoise, 1939, vol. 
31, Jan.—Feb., pp. 1-19). A reproduction of an article which 
appeared in Stahl und Eisen, 1939, vol. 59, Feb. 2, pp. 113-122. 
(See pp. 207 a and 266 A). 

Effect of the Smelting of Lean Ores on the Organisation of the 
Power Supply. I. Kessler. (Stahl und Eisen, 1939, vol. 59, Mar. 
9, pp. 297-303). As it was feared that the intensive use of low- 
grade iron ores in Germany might seriously disturb the heat balance 
of the iron and steel works, the author investigated the question, 
and presents his calculations and deductions in this paper. He 
shows that adverse effects on the energy distribution system need 
not be feared, provided that two conditions are fulfilled; these 
are: (a) that the consumption of long-distance gas is increased at 
the rate of 10° cu. m. per year during the next few years, and (bd) 
that a certain proportion of the German iron ores (about 1,000,000 
tons) must be concentrated to the highest degree possible. 

Blast-Furnace and Raw-Materials Progress. T. L. Joseph. 
(Blast Furnace and Steel Plant, 1939, vol. 27, Jan., pp. 60-66; 
Feb., pp. 175-179). In this discussion of some investigations of 
blast-furnace practice carried out during 1938, the author considers 
in the first part the concentration of ores by the flotation process, 
the desulphurisation of iron by soda ash and by briquetted mixtures 
of sodium chloride and calcium carbide, H. W. Johnson’s survey of 
the distribution of the stock and flow of the gases in the blast- 
furnace, and blast-furnace efficiency and its relation to the equili- 
brium of the reactions. In the second part the author considers 
first the effect of changes in blast-pressure upon the working of the 
blast-furnace, and then discusses the production and use of sinter. 
In conclusion he describes and illustrates a gas-washing unit and a 
disintegrator developed by H. A. Brassert and Co. 

The Romance of Wilsontown. P. M. Ritchie. (Journal of the 
West of Scotland Iron and Steel Institute, 1939, vol. 46, Part I., 
pp. 1-18). The author relates the history of the ironworks founded 
by the three Wilson brothers, which began to produce pig-iron and 
castings at Wilsontown, Lanarkshire, in 1781. The business had 
periods of great prosperity and depression, and was wound up in 
1812. The works remained idle for the next nine years, and were 
then bought by William Dixon, and the furnaces were kept working 
until the severe depression of 1842. Among the several develop- 
ments at the Wilsontown works it may be noted that the water 
tuyere was substituted for the dry tuyere in 1808, and the practice 
of heating the blast was begun about 1829. 

1939—i Z 
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(Continued from pp. 269 A—272 A) 


Chemical Changes in Cupola Melting. J. T. MacKenzie. 
(Proceedings of the Institute of British Foundrymen, 1937-38, vol. 
31, pp. 259-288). The author considers the reactions which take 
place in the shaft, the melting zone, and the hearth of a cupola, 
and the influence upon them of such variable factors as the size of 
the coke, iron, and scrap charged ; the composition, size, and shape 
of the fuel; the temperature, pressure, and moisture content of 
the blast; the dimensions of the cupola and the quantity and 
quality of the flux. 

Investigation of Some Relationships between Variables of the 
Cupola. M. M. Barigozzi. (Foundry Trade Journal, 1939, vol. 60, 
Feb. 23, pp. 171-172, 186; Mar. 2, pp. 191-192, 204). The author 
considers the data obtained in answer to a questionnaire respecting 
cupola operation submitted to 100 Italian foundries. He quotes a 
previously established formula 
GxkK 
360,000 
where C is the coke consumption per sec., G the quantity of molten 
iron per hr. produced by the cupola, and K the coke/pig-iron ratio 
expressed as a percentage, and considers how this is influenced by 
the volume, temperature, and pressure of the blast. 

Some Notes on Making High-Duty Cast Iron. J. H. Williams. 
(Foundry Trade Journal, 1939, vol. 60, Feb. 23, pp. 176-177). 
After reviewing the Lanz-Perlit and the Emmel processes of pro- 
ducing iron from the cupola, the author discusses some points to 
observe in the manufacture of nickel, nickel-molybdenum, and 
nickel-chromium irons. 

A New Pulverised-Fuel-Fired Rotary Furnace. (Foundry Trade 
Journal, 1939, vol. 60, Feb. 23, p. 173). A rotary furnace at the 
Leighton Buzzard works of Foundry Equipment, Ltd., is described 
and illustrated. Its particular features are: (1) It is designed to 
use commercial supplies of pulverised fuel so that a pulverising 
plant is not normally included with the equipment ; (2) as adequate 
heat for the melting of cast iron is generated, no recuperators are 
included ; and (3) a hydraulic tilting arrangement is fitted which 
enables the slag to be run off. 

Control of Foundry Moulding Sand. W. B. Parkes. (Proceed- 
ings of the Staffordshire Iron and Steel Institute, 1937-38, vol. 53, 
pp. 68-82). The author examines the relation between the con- 
stitution of moulding sands and their properties in order to determine 
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the most suitable means of control. In discussing the control of 
permeability by additions of open sands and by desilting, he points 
out that the increase in permeability obtained is only limited, and 
that the addition of really large quantities of new sand are necessary 
if an appreciable improvement is to be obtained. A desilting plant 
can be depended on to keep down any accumulation of coal-dust 
ash, burnt clay, and similar fines, but it cannot be used to raise 
appreciably the permeability of a close sand. In conclusion, the 
author compares the properties of natural sands with those of 
synthetic mixtures. 

Pattern-making for Production Moulding. S. A. Horton. (Pro- 
ceedings of the Institute of British Foundrymen, 1937-38, vol. 31, 
pp. 544-568). Afterdescribing the different w voods, metals, and stone- 
like compounds used for pattern-making, the author considers 
pattern layout and construction, and then goes on to discuss some 
examples of patterns for the mass production of castings for 
motor-cars. In the concluding part of his paper he deals with 
core-boxes and the preparation of cores. 

The Randupson System of Cement Moulding. F. W. Rowe. 
(Journal of the West of Scotland Iron and Steel Institute, 1939, 
vol. 46, Part I., pp. 21-30). After considering the general principles 
involved in the Randupson system of cement moulding, with 
particular reference to the increased permeability obtained, the 
author describes the materials used and the technique of making 
many different kinds of moulds. He then considers the advantages 
and disadvantages of the process and the significance of these as 
they appear in everyday practice. 

Production of Castings from Shell Patterns. J. Cameron, jun. 
(Foundry Trade Journal, 1939, vol. 60, Feb. 23, pp. 179-182). The 
author describes the equipment, material, and moulding technique 
employed in the production of castings from shell patterns, i.e., 
patterns which do not incorporate the use of cores made from a 
separate core-box. Castings made in this way include pipes, headers, 
drain-inspection traps, and manhole bottoms. 

Some Aspects of the Casting of Commercial Ingots. W. A. C. 
Newman. (Proceedings of the Institute of British Foundrymen, 
1937-38, vol. 31, pp. 598-622). The author discusses the composition 
and properties of the iron used and the foundry technique applied in 
the manufacture of moulds for the casting of non-ferrous ingots. He 
considers the subject in relation to the following three types of ingot : 
(1) Ingots obtained as the final products of the extraction plant ; 
(2) ingots of alloys manufactured to a specification which are to 
be subsequently remelted ; and (3) ingots intended for mechanical 
working by rolling, forging, or drawing. 

The Modernisation of a Roll Foundry. (Engineer, 1939, vol. 
167, Feb. 24, pp. 239-242 ; Mar. 3, pp. 270-272). Davy and United 
Roll Foundry Limited. (Iron and Coal Trades Review, 1939, vol. 
138, Feb. 24, pp. 364-368: Foundry Trade Journal, 1939, vol. 60, 
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Mar. 2, pp. 193-194; Mar. 9, pp. 215-218). An outline is given of 
the history of the British Chilled Roll and Engineering Co., Ltd., which 
was taken over in 1936 by a Sheffield company, and is now called 
Davy and United Roll Foundry, Ltd. The works have recently 
been reorganised, and this included the installation of a 10-14 ton 
Efco-Heroult electric furnace. This furnace and the layout of the 
works are described and illustrated in the first part of the present 
article. In the second part descriptions are given of the heat- 
treatment furnace fired with pulverised fuel, the mould drying- 
stove, the sand preparation equipment, sand-blast equipment, and 
roll-grinding machinery. 

New Steel Foundry Meets Exacting Requirements. L. HE. 
Everett. (Foundry, 1939, vol. 67, Jan., pp. 22-24, 71-72; Feb., 
pp. 24-25, 72, 74, 76). After considering the particularly severe 
conditions of service which units and fittings at oil refineries and 
hydrogenation plants are required to withstand, the author discusses 
steel castings in particular. He then describes the layout, plant, 
and processes at the steel foundry of the Key Co., at Louis, Illinois, 
which is capable of producing 300 tons of steel castings per month. 

Modern Founding for Canada’s Cars. J. E. Linabury. (Iron 
Age, 1939, vol. 143, Mar. 2, pp. 27-32, 68). The author describes 
the foundry department of McKinnon Industries, Ltd., St. 
Catharines, Ontario, where many automobile parts are made for the 
General Motors Corporation. He relates in particular the recent 
reconstruction of the foundry department so as to include plant 
for producing 125 tons per day of grey iron castings. The plant 
now includes a No. 6 and a No. 8 Whiting cupola for the malleable 
iron and the grey iron, respectively. The charge for the former 
consists approximately of 35% of steel, 15% of silver-grey iron, 
and 50% of scrap; from this cupola the metal flows into one end 
of a 4-ton cylindrical receiving ladle, fused soda ash being added at 
the spout to reduce the sulphur content. The metal is transferred 
from this ladle to a 3-ton Pittsburgh Lectromelt furnace for super- 
heating and adjusting the mixture. The author also describes the 
conveying equipment, the annealing and shot-blasting processes, 
and the production of the malleable iron. 

Sand-Blasting as Applied to the Vitreous Enamelling Process. 
H. Whitaker. (Proceedings of the Institute of British Foundrymen, 
1937-38, vol. 31, pp. 373-380). The author describes the plant 
used and the technique of sand-blasting for preparing metal castings 
prior to enamelling. The use of crushed chilled white-iron grit 
instead of sand is now practically universal. He describes the 
precautions to be taken to prevent moisture or oil getting into the air 
pipes, and concludes with some notes on the prevention of silicosis. 

Pre-Cleaning of Metals. C.C. Hermann. (Iron Age, 1939, vol. 
143, Mar. 2, pp. 44-47). The author surveys some of the methods 
of treating castings which comprise the first stages of preparation 
for painting, enamelling, or other finishing processes. The methods 
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he describes include “ snagging,’ which comprises the removal of 
fins, gates, and sprue; cleaning with high-pressure jets of water 
containing sand; sand blasting and tumbling; the use of solvents 
for degreasing ; scrubbing, in which force is applied to the scrubbing 
tool and the liquid is not under pressure ; and centrifuging for small 
parts. 
Sources of Danger and Accidents in Foundries and their Pre- 
vention. C. Rein. (Giesserei, 1939, vol. 26, Feb. 24, pp. 89-94). 
The author explains the causes of accidents experienced in foundry 
operations and suggests practical methods of preventing them. He 
deals particularly with the working and repairing of cupolas. 
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The Acid Bessemer Process of Steel-Making. ‘T. Swinden and 
F. B. Cawley. (Institute of Marine Engineers, Mar. 14, 1939: 
Iron and Coal Trades Review, 1939, vol. 138, Mar. 17, pp. 502-508 ; 
Mar. 24, pp. 547-548). After briefly surveying the history of 
the development of the acid Bessemer process of steel-making, the 
authors discuss the statistics of production and give reasons for the 
decline in production in Great Britain. They then describe in 
detail the plant and process as worked by the Workington Iron and 
Steel Co., with particular reference to the new plant which com- 
menced operations in 1934. They consider next the principal uses 
and characteristics of acid-Bessemer steel and present some new 
data relating to the gas content of this and other steels. The 
authors conclude by declaring that there is no evidence that acid- 
Bessemer steel is in any way an unreliable material ; it differs from 
open-hearth steel in its degree of response to cold working, but 
there are methods of minimising this when required and there are, 
on the other hand, applications when this is an advantageous 
characteristic of which full use is made. 

The Refining of Metal in the Basic Open-Hearth Furnace. The 
Influence of Fluorspar on the Process. W. B. Lawrie. (Iron and 
Steel Institute, 1939, this Journal, pp. 257 p-280P). The addition of 
fluorspar in the basic open-hearth furnace to facilitate the removal 
of sulphur was suggested by Saniter. 

The influence of the fluorspar is probably indirect, the fluorspar 
giving greater fluidity to the slag and enabling it to carry additional 
lime. 

In the actual sulphur removal the manganese probably plays 
practically a catalytic part, undergoing a cycle of reactions in 
suitable slag conditions. 

Apart from the sulphur removal, however, the manganese passes 
from the metal to the slag, or from the slag to the metal, the direc- 
tion of migration depending on the slag conditions. 

When the bases are exceptionally low, and the available MnO 
is needed to give a monosilicate in the slag, there is probably no 
reduction of the manganese to the metal. 

When the slag is about “ neutral” and forms a monosilicate 
without the MnO, then the latter is probably free to be reduced on 
the addition of lime : 

(2Mn0)Si0, 4 + 2CaO > (2Ca0)Si0, + 2Mn0, 
MnO + C > CO + 2Mn. 
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If the bases are definitely in excess, as when fluorspar and lime 
are added, then no reduction of the MnO of the slag is possible. 
This may be due to the formation of a higher acidic oxide of 
manganese, which then readily reacts with the bases of the slag to 
give calcium manganite, CaO.MnO,. This latter seems to be a 
stable compound, from which manganese cannot subsequently be 
reduced. 

This view would appear to receive support from the fact that 
the presence of oxides inhibits the reduction of manganese oxide 
from the slag. With a large feed of scale or ore, there will be no 
increase of the bath manganese, whatever the lime content of the 
slag. Presumably the oxide present promotes the formation of 
such higher acidic oxides of manganese as will readily pass to the 
basic slag by the formation of calcium manganite. 

It has been noticed that chromium behaves in a very similar 
way to manganese, which seems to confirm further the view, as 
chromium, like manganese, can give higher oxides which are acidic 
in character. Presumably the chromium is returned to the slag as 
an acid oxide which gives calcium chromite with the bases of the 
slag. 

Nickel is unchanged in the furnace, as its heat of formation pre- 
vents any such oxidation. 

The view would seem to obtain further support from the fact 
that phosphorus is also removed from the metal by the formation 
of an acidic oxide, which then reacts with the basic slag. 

Incidentally, the presence of fluorspar renders the slag useless as 
a fertiliser, because the phosphates are insoluble in the weak soil 
acids. It has been suggested that this is due to the formation of a 
fluor-apatite, CaF’,.3Ca0.P,0;. 

Carbon is removed best by a slag of low basicity ; consequently, 
the use of fluorspar is undesirable where large quantities of carbon 
have to be eliminated. 

The suggestion that manganese and chromium, like phosphorus, 
migrate to the slag on account of the formation of higher acidic 
oxides in the presence of oxidising conditions seems to be in com- 
plete agreement with the behaviour of iron oxides. 

Only when the reducing conditions set up by the presence of 
carbon in the early stages have been largely removed is there an 
appreciable increase of the oxide in the slag, this increase being due 
to the oxidation of the FeO to Fe,0,, which then acts as an acidic 
oxide to give calcium ferrites. 

The Origin and Development of Stainless Steel. V.N. Krivobok. 
(Heat Treating and Forging, 1939, vol. 25, Jan., pp. 24-27). The 
author traces the history of the manufacture of stainless steel from 
the time of unsuccessful attempts by Berthier in France, and 
Faraday and Stodart in England about 1822. He discusses in 
detail the events leading up to the first American patents to Brearley 
and Haynes in 1916 with respect to an iron and chromium alloy, and 
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describes the experiments of the American General Electric Co. 
and some other American concerns. 

Eighth Report on the Heterogeneity of Steel Ingots. (Iron and 
Steel Institute, 1939, Special Report No. 25). The present Report, 
comprising 322 pages, is made up of nine sections, the first of which 
is introductory in character. Section II. consists of a paper on 
segregation in steel. In Section III. an account is given of the 
determination of the oxygen on a series of bath samples taken from 
an acid open-hearth furnace. Section IV. deals with the delta 
region in carbon steels. In Section V. there is presented a study of 
a nickel-chromium-molybdenum-vanadium steel ingot. Section VI. 
comprises the Second Report of the Oxygen Sub-Committee, in which 
are presented a number of reports of investigations of methods of 
determining oxygen, oxides, and non-metallic inclusions in steels. 
Section VII. forms the Second Report of the Liquid Steel Tempera- 
ture Sub-Committee and is devoted to pyrometry. In Section VIII. 
the Ingot Moulds Sub-Committee present their Second Report, in 
which they consider the premature failure of the ingot-mould wall 
by major cracking as distinct from cracks on the working face. 
Finally, Section [X. constitutes the report of the Inclusions Count 
Sub-Committee, in which a comparison is made of the various 
methods of counting the non-metallic inclusions in steel. 

Abstracts of the papers constituting this Report will be found 
in the appropriate sections of this Journal. 

Second Report of the Ingot Moulds Sub-Committee. (Kighth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section VIII., pp. 265-303). This 
Report, by a Joint Sub-Committee of the Heterogeneity of Steel 
Ingots and Open-Hearth Committees, deals principally with pre- 
mature failure of ingot moulds by cracking of the mould wall, as 
distinct from cracks which develop through disintegration of the 
working face. It includes suggestions regarding the character of 
the stresses set up in the mould wall when casting the ingot and 
the nature of the cracks associated with particular types of stress ; 
the appropriate methods for mechanically testing the mould metal 
to determine its liability to crack; the causes of ingot-mould 
cracking, concerning both cracks originating from the foundry and 
those occurring in use; the physical properties, structure and com- 
position of mould metal desirable to minimise cracking; and re- 
quirements in ingot-mould design. ‘ 

Examples of cracked ingot moulds and the results of their 
examination by the British Cast Iron Research Association are given. 

The report also deals with the more fundamental aspects of the 
work, both carried out and in prospect, by the Joint Sub-Committee 
on the subject of cracking, and in this connection the results of 
experiments for determining the temperature gradients in the wall 
of a slab mould are set out and a preliminary examination of these 
is made. A selected bibliography of experimental work in this 
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field is given. Finally the report includes some notes on the effect 
of silicon and of preferential cooling on the service behaviour of 
the mould. 

Segregation in Steel. J. H. Andrew, H. T. Protheroe, R. T. 
Percival, and A. J. MacDougall. (Eighth Report on the Hetero- 
geneity of Steel Ingots, Iron and Steel Institute, 1939, Special 
Report No. 25, Section II., pp. 1-9). Experiments have been 
undertaken to confirm the hypothesis put forward some years ago 
by one of the authors to the effect that segregation in steel may 
occur while the metal is in the molten condition. 

Further confirmation of this theory is afforded by the experi- 
ments detailed in this paper, in which it has been shown that a 
considerable segregation of sulphur and phosphorus occurs over 
prolonged melting, even when the contents of these elements is in 
the region of 0-06%,. 

A Note on the Slow Cooling of Ingots. W. J. Rees. (Iron and 
Steel Institute, 1939, this Journal, pp. 315 P-318P). Ground lime- 
stone and commercial magnesia are shown to be almost as efficient as 
diatomaceous earth in forming a bed of material for thermal insula- 
tion in the slow cooling of ingots. They appear likely to provide 
innocuous substitutes for the potentially dangerous diatomaceous 
earth. The apparatus in which the tests were made is illustrated 
and its use briefly explained. 

The Application of the Durville Rotatory Process to the Casting 
of Steel. L. Northcott. (Iron and Steel Institute, 1939, this Journal, 
pp. 297 p-304P). Small steel ingots have been cast by the Durville 
rotatory process, and their structure and properties compared with 
those of ingots cast by the normal top-casting method. 

The principal advantage of the Durville non-turbulent process 
is the ability to cast at a sufficiently low superheat to ensure that 
the crystal structure is wholly small and equi-axial, thus reducing 
segregation and “‘ingotism.” There is also an improvement in the 
surface quality and mechanical properties as compared with steel 
cast by ordinary methods. 

The most likely application of the process will probably be in 
the casting of the smaller types of ingots or castings of high-quality 
or tool steels, where freedom from segregation or coarse crystal 
structure is required. 

Slag Inclusions and Acid Open-Hearth Refining of High-Carbon 
Steel. H. Styri. (Iron and Steel Institute, 1939, this Journal, pp. 
287 p-296P). An arbitrary scale for slag rating and heat diagrams 
kept during the melting and refining of acid open-hearth steel at 
S.K.F. Hofors, Sweden, from the early part of 1927 have been used 
in statistical analyses to study the possible influence of various 
operating factors on the resultant slag inclusions in the steel. No 
obvious correlation was found between any single operating factor 
up to the point of the final additions of deoxidisers and the observed 
oxidic slag inclusions. Even the rate of carbon elimination towards 
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the end of refining, which might be expected to be of importance 
according to prevalent theories of the rate of reaction, seemed to 
be of only small importance. A great number of experimental 
heats were run with drastic changes of procedure, particularly with 
respect to the rate of carbon elimination, and again no correlation 
could be found. The rates were controlled by the manipulation 
of the gas and air mixture, regulation of the draft and additions to 
the bath. Evidently the rate of carbon elimination is determined 
by the rate of diffusion of oxygen to the bath and is explained by 
a high value of the velocity constant for the reaction FeO +- C > 
Fe + CO. 

The Hair-Line Crack Sub-Committee. (Second Report of the 
Alloy Steels Research Committee, Iron and Steel Institute, 1939, 
Special Report No. 24, Section X., pp. 319-323). The origin and 
constitution of the Hair-Line Crack Sub-Committee of the Alloy 
Steels Research Committee are explained. The object of this sub- 
committee is to seek to obtain a correlation of data regarding this 
subject from both private and published sources in order to 
endeavour to produce an adequate explanation for the occurrence 
of such cracks and to devise practical methods of preventing them 
with certainty, based on knowledge of the conditions giving rise to 
their occurrence. Since the first meeting of the Sub-Committee in 
July 1938 a mass of data has been collected, but it will be realised 
that sufficient time has not elapsed to permit this to be properly 
correlated or for joint experimentation to have progressed far 
enough to allow of publication. 
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FORGING, STAMPING AND DRAWING 





(Continued from p. 276 A) 


Relation of Modern Drop Forging to Machine Shop Practice. 
R. E. W. Harrison. (Heat Treating and Forging, 1939, vol. 25, 
Jan., pp. 19-23). The author describes the properties required in 
an ideal drop forging and the characteristics of modern forging 
machines, and discusses the advancement which has taken place 
since 1935 in the technique of the process. 

New Heavy Forging Plant at the Works of William Beardmore 
& Co., Ltd. (Iron and Steel Industry, 1939, vol. 12, Feb., pp. 
310-311). A description is given of the 6000-ton hydraulic forging 
press recently installed at the Parkhead Works of William Beard- 
more & Co., Ltd. The clearance between the anvil plate and the 
underside of the crosshead is 19 ft. 6 in., and the width between 
the columns is 16 ft. 4 in. 

Production of Forgings for Aircraft. W. Naujoks. (Industrial 
Heating, 1938, vol. 5, July, pp. 594-598; Aug., pp. 700-702: Heat 
Treating and Forging, 1938, vol. 24, Aug., pp. 379-381; Sept., pp. 
459-462; Dec., pp. 613-614). In this discussion of light and 
special quality forgings for the aircraft industry, the author shows 
that the exacting demands of aeroplane manufacture require a 
special technique with more accurate chemical, physical, and visual 
inspections and tests of the finished product. The design of dies 
has had to be changed in order to deal with thin sections, deep 
pockets, small fillets, and minimum radii, so as not to produce 
broken fibres or weak grain structures in the forgings. The author 
compares the three American specifications for forging quality steels 
for the army, the navy, and ordinary commercial purposes. He 
points out that the Magnaflux method of testing ingots and bar 
specimens is not extensively used at the steel mills, but the indica- 
tions are that the steelmaker will soon find it advisable to employ 
it for his own information and protection. He concludes by ex- 
plaining why the inspection and testing of forgings for aircraft are 
more exacting than those in the automobile industry. 

Recent Advances in Presses and Sheet-Metal-Forming Machinery. 
F. J. Oliver. (Iron Age, 1938, vol. 143, Feb. 16, pp. 42-48). The 
author presents brief descriptions and illustrations of a large variety 
of light and heavy machines for shaping sheet metal. These include 
high-speed blanking and notching presses, hydraulic punching units, 
uncoilers, and shearing machines. 

Motor-Car Body Pressings. Part II. G. L. Smith. (Sheet 
Metal Industries, 1939, vol. 13, Jan., pp. 71-72; Feb., pp. 253-256). 
Continuation of a series of articles. (See p. 1524). In the third 
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part of this series the author describes in detail the sequence of 
operations in the pressing and finishing of motor-car wings. 

A New Idea in the Guarding of Large Power Presses. A. Shaw. 
(Sheet Metal Industries, 1939, vol. 13, Feb., pp. 251-252). The 
author describes and illustrates a new type of folding guard to be 
used on large presses such as motor-car wing presses. The upper 
folding portion of the guard is connected to the pressure plate, and 
moves in a downward curve as the latter descends. 

Recommendations for Working Stainless. (Steel, 1939, vol. 104, 
Mar. 6, pp. 48-52, 81-82). In this article practical advice is given 
on the manufacture of stainless-steel articles. The processes dealt 
with include rolling, forging, annealing, pickling, and cleaning. 
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ROLLING-MILL PRACTICE 


(Continued from pp. 277 A—279 a) 


The Applicability of American Rolling-Mill Practice to British 
Conditions. G. A. V. Russell. (Lincolnshire Iron and Steel 
Institute, Jan. 24, 1939: Iron and Coal Trades Review, 1939, vol. 
138, Feb. 24, pp. 372-375). After discussing some of the technical 
and financial aspects of the development of the American steel 
industry, the author defines “‘ American practice ” as a combination 
of large unit productions, intensive working with a high degree of 
labour utilisation or labour-saving in conjunction with lavish capital 
expenditure to secure these ends. He then describes several 
American rolling-mill installations with which he is familiar, with 
the object of discovering to what extent some of the specific 
American practices could be adopted with benefit to British industry. 
In this respect he considers first mills for rolling blooms, slabs, and 
billets, then those for heavy and light shaped products, and finally 
those rolling plates, sheets, and strip. The author’s general con- 
clusion is that more benefit would be gained by British steelworks 
by applying American practice in smaller matters pertaining to the 
design of items of rolling-mill equipment than by a transplantation 
of complete American installations which were developed under 
totally different economic circumstances. (See the author’s paper 
entitled ‘‘Some Considerations Influencing Plant Facilities for 
Strip-Sheet Production under British Conditions,” Journ. I. and 
8.I., 1936, No. I., pp. 51-78 P). 

Conditioning Mill Rolls. H. J. Wills. (Steel, 1939, vol. 104, 
Feb. 13, pp. 48-49, 74-75). The author describes the technique of 
grinding mill rolls, and shows how the speed, feed, and type of 
wheel affect the smoothness of the finish obtained. 

Lubricants for Modern Continuous Rolling Mills. L. Ballard. 
(Iron and Steel Engineer, 1939, vol. 16, Feb., pp. 31-38). Com- 
mencing his paper with a discussion of the properties required in a 
lubricant for roll-neck bearings, the author stresses the importance 
of the oil possessing good demulsibility, so that it can be easily 
separated from any water which may get into the bearings. He 
shows that as long as a state of fluid film lubrication exists, the 
coefficient of friction is approximately proportional to the absolute 
viscosity of the oil and to the journal speed, and inversely propor- 
tional to the unit-bearing pressure. He considers next the proper- 
ties of greases used for roller bearings, and oils for pinions and 
reduction gears. In conclusion he discusses the effect of different 
metals upon the acidity of lubricating oils, and shows that zinc, 
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lead, and copper act as catalysts and tend to increase the acidity, 
whereas steel and aluminium have almost no effect. 

The Rolling of Sections at the Appleby-Frodingham Steel Co., 
Ltd. W.T. Wilson. (Iron and Steel Institute, 1939, this Journal, 
321 p-336 P). Brief mention is made of the chief characteristics 
of the mill, illustrated by a layout drawing. Increased outputs, 
better yields, and reduced costs are the result of constant improve- 
ment in technique, and some successful experiments are described 
and results tabulated. 

An improved method of charging the soaking pits is mentioned. 

The design of the cogging rolls and the standard ingot used are 
illustrated. 

Three examples of roll design for 10 in. x 3}-in. channels are 
illustrated and discussed, the actual rolling rate per hour and yield 
from each design being given. Two designs for 15 in. x 5-in. 
joists are dealt with in the same manner. 

Four mills for joists of various sizes are illustrated and their 
respective merits are explained and criticised, the yield and rates 
per hour being given. 

The diagonal system of rolling is dealt with and yields and 
rolling rates are given to support the points made. 

The savings made by using the new-type alloy rolls on various 
sections are shown, and comparative tonnages per inch of roll life 
are given. 

The method of reducing roll changing to a minimum is described 
and changing times are quoted. 

The new mechanical cooling bank and _ roller-straightening 
machines are described and results from the latter for various 
groups of sections are tabulated. 

In connection with the 15-in. mill, a four-roll design is illustrated, 
the method of rolling is described, and the savings are enumerated. 

The mills consist, briefly, of a 36-in. cogging mill (two-high), a 
32-in. finishing mill (three stands, two-high), and a 15-in. merchant 
mill (four stands, three-high). 

The Recent Reconstruction of a Bar Mill. G. Esfeld. (Stahl 
und Eisen, 1939, vol. 59, Mar. 9, pp. 303-310). The author de- 
scribes in detail the changes in the plant and layout undertaken 
at a German sheet and bar mill in order to increase the production 
and range of the products, lower the costs, and eliminate manual 
labour as far as possible. 

Modernizes Hand Mill. (Steel, 1939, vol. 104, Feb. 13, pp. 
58-61). A description is given of some of the new plant installed 
by the Bethlehem Steel Co. when they brought their sheet mill at 
Lackawanna up to date. The new mill will produce sheets up to 
144 in. by 60 in. of heavy gauge. There are also two hot-dip 
galvanising lines with a capacity of 3000-3500 tons per month. 

Six Important Results of Sheet-Mill Mechanisation. (Sheet 
Metal Industries, 1939, vol. 13, Feb., pp. 212-215). A description 
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is given of the Panteg shect mills of Baldwins, Ltd., where three 
hand mills have recently been mechanised. The following are some 
of the advantages gained by the mechanisation: (a) The heating 
of the sheet bars is precisely controlled so that the temperature is 
uniform over the entire width ; (b) the roll temperature is controlled 
by water and steam, and a continuous temperature chart is taken ; 
(c) packs are not dragged over a dirty floor, but are conveyed, 
and the temperatures of the heating zones of the furnaces can be 
regulated within close limits ; (d) without special training the oper- 
ators can save time in many ways; (e) there is a minimum of end 
and side scrap ; and (f) the sequence of operations proceeds smoothly 
day or night under any climatic conditions. 

Continuous Ternes. C. H. Manion. (Steel, 1939, vol. 104, 
Feb. 13, pp. 50, 80). The author gives a brief description of the 
process employed by an American company to produce terne plate 
by a continuous process. Terne plate is steel sheet about 0-1 in. 
thick coated with a mixture of three parts of lead to one part of 
tin. The base material is produced from hot-rolled copper-bearing 
steel by cold-rolling it down to the required thickness. 

The Development and Present Position of Cold-Rolling. K. 
(Gebhard. (Zeitschrift des Vereines deutscher Ingenieure, 1939, 
vol. 83, Mar. 4, pp. 269-275). The author traces the history of the 
development of the cold-rolling process from about 1836, when 
Alfred Krupp supplied the first water-quenched forged crucible 
steel rolls to the German mint. He then considers the most recent 
developments with regard to the hardness, strength, and surface 
condition of both forged and cast rolls, and in conclusion deals with 
the causes of fatigue failures and other defects which occur in the 
surface of rolls. 

Modern Electrical Drive for a Large Reversing Rolling Mill. 
H. S. Carnegie. (Industrial Power and Fuel Economist, 1939, 
vol. 15, Feb., pp. 45-47). The author describes and illustrates the 
mill motor supplied to Guest, Keen, Baldwins Iron and Steel Co., 
Ltd., Cardiff, to drive a 40-in. blooming mill. The motor has a 
continuous capacity of 6650 h.p., a speed range of 62-150 r.p.m., 
and weighs 143 tons. He gives particulars of the ventilation, 
starting and braking systems, and the control equipment. 

Electric Drive for New Rotherham Rolling Mill. (Industrial 
Power and Fuel Economist, 1939, vol. 15, Feb., p. 49). A brief 
description is given of the 400-h.p., 6600-V. slipring induction motor 
installed at the Rotherham Works of Edwin Cottam & Co., Ltd. 
An interesting feature is that two flywheels having a stored kinetic 
energy of 5000 h.p.-sec. are coupled direct to the motor shaft to 
supply additional power under peak-load conditions. 
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(Continued from p. 280 4) 


Pyrometry. (Eighth Report on the Heterogeneity of Steel 
Ingots, Iron and Steel Institute, 1939, Special Report No. 25, 
Section VII., pp. 235-264). This section of the Report constitutes 
the Second Report of the Liquid Steel Temperature Sub-Committee. 
After indicating the personnel of this Sub-Committee, a general 
review of its work is presented, and the reasons are given for de- 
ciding to use the “ quick-immersion ’’ platinum thermocouple for 
the general measurement of liquid steel temperatures. The greater 
part of this section of the Report consists of a paper in which the 
construction and application of this thermocouple are fully described 
(see the following abstract), and in an appendix a list is given of the 
more important materials for its construction and their approximate 
cost. 

A ‘“Quick-Immersion’’ Thermocouple for Measuring the 
Temperature of Liquid Steel both before and after being Tapped 
from the Furnace. F. H. Schofield and A. Grace. (Eighth Report 
on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section VII., pp. 239-263). The so- 
called ‘‘ quick-immersion”’ thermocouple is a platinum couple, 
lightly sheathed in silica, which can be plunged into liquid steel 
so as to give a reading of temperature in a few seconds and be 
withdrawn intact. The paper describes the application of this 
intrument to steel both in the furnace, whether of the open-hearth or 
other type, and after being tapped from the furnace, i.e., in the 
launder, ladle, trough and mould. Constructional details are set 
out, possible sources of error considered, and typical results given. 

The Use of Thermocouples for Temperature Measurement. M. 
Fishenden. (Journal of the Institution of Heating and Ventilating 
Engineers, 1939, vol. 7, Mar., pp. 15-22). The authoress explains 
the theory and practice of the thermocouple and points out some 
of the precautions which should be taken to ensure that reliable 
results are obtained. 
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(Continued from pp. 281 a—283 A) 


The Nitrogen Hardening of CastIron. J.E. Hurst. (Proceedings 
of the Staffordshire Iron and Steel Institute, 1937-38, vol. 53, pp. 
14-26). The author describes the technique of hardening cast iron 
by heating the part in an atmosphere of dissociated ammonia up to 
500° C. and keeping it at that temperature for 40-90 hr. The most 
suitable iron for this treatment contains small amounts of chromium 
and aluminium and is now known as “ Nitricastiron.’”’ The author 
deals in particular with the preparation of the casting for treatment 
and the rectification after treatment. He concludes by discussing 
some applications of Nitricastiron, with particular reference to 
cylinder liners. 

The Scaling of Steels in Sulphur-Free and Sulphur-Containing 
Furnace Atmospheres. Part 1.—Scaling at 1000° C. and 1150° C. 
A. Preece, G. T. Richardson, and J. W. Cobb. Part 2.—Scaling at 
650° C. A. Preece, E. Simister, and J. W. Cobb. (Second Report 
of the Alloy Steels Research Committee, Iron and Steel Institute, 
1939, Special Report No. 24, Section III., pp. 9-63).—The rate 
and characteristics of scale formation on plain carbon and alloy 
steels in synthetic atmospheres resembling those of furnaces are 
being examined. The results of a preliminary survey have already 
been published (First Report of the Alloy Steels Research Commit- 
tee, Section XI., p. 213, Iron and Steel Institute, 1936, Special 
Report No. 14). Further work has shown to what extent scaling is 
governed by the temperature and by the composition of the steel 
and of the atmosphere, particularly its oxygen and sulphur dioxide 
content. Increasing the temperature not only led to a higher 
rate of scaling, but often completely altered the character of the 
scale formed and the nature of the attack on the steel immediately 
beneath the scale. The presence of sulphur dioxide even in small 
quantity or of oxygen increased the rate of scaling with some 
anomalies. The intercrystalline penetration of scale into steel 
which occurred when plain carbon and some alloy steels were 
exposed at 1000° and 1150° C. to furnace atmospheres containing 
sulphur dioxide was absent at 650°C. The high degree of resistance 
to scaling which characterised steels containing chromium, alum- 
inium or silicon was due to the initial formation of a protective 
film on the surface of the metal. When this film became unstable 
from an increase of temperature or an addition of sulphur dioxide 
to the furnace atmosphere rapid scaling followed. The presence of 
as much as 0-2% of SO, in the furnace atmosphere did not increase 
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the amount of scale formed on an 18°%-chromium, 8%%-nickel steel 
at 1000° C. except when the atmosphere contained carbon mon- 
oxide. 

On Deformation-Resisting Steels and their Heat Treatment. 
I. Feszezenko-Czopiwski and J. Ogérek. (Prace Badaweze Huty 
Baildon, 1938, Dec., No. 4, pp. 34-46). (In Polish). 

Heat Treatment of Lock Washers. (Industrial Heating, 1939, 
vol. 6, Feb., pp. 122-124). A description is given of the equipment 
and procedure employed by a Chicago company for heat treating 
self-locking washers. The hardening furnace is of the rotary gas- 
fired type, and in it the washers are heated to 1425-1450° F. for a 
period of from 7 to 17 min., depending on their thickness. They are 
then quenched in oil, passed through a centrifuge to remove most of 
the oil, and subsequently tempered at 650-730° F. The residual 
oil causes the washers to have an excellent black finish. 

Stainless Steel for Welded Pressure Vessels. G. A. Sands. 
(Iron Age, 1939, vol. 143, Feb. 9, pp. 38-39). The author discusses 
the most suitable heat treatment for stabilising the structure of 
large stainless-steel pressure vessels which have been forged and 
welded during manufacture. 

Prime Factors in the Design of Forced Convection Heated Fur- 
naces. F.B. Korb. (Industrial Heating, 1939, vol. 6, Jan., pp. 
32-36, 44). The author explains some equations concerning heat 
transfer and gives examples of their application in order to calculate 
the volume, velocity, and temperature of the air or gas required to 
pass through a forced convection furnace to produce a given tempera- 
ture in it. 

Continuous Strand Annealing of Cold-Rolled Strip. W. F. Ross. 
(Canadian Metals and Metallurgical Industries, 1939, vol. 2, Jan., 
p. 15). The author describes a continuous bright-annealing furnace 
which will anneal simultaneously several strands of strip with a 
total width not exceeding 30 in. (See “ Annealing Cold-Rolled 
Strip,” p. 282 a). 

Temperature Measurements in the Charge of an Annealing 
Furnace Heated by Circulating Gases. G. Neumann. (Archiv fiir 
das Eisenhiittenwesen, 1939, vol. 12, Jan., pp. 315-322). The author 
describes his investigation of the temperature distribution through- 
out a charge of long round bars in an annealing furnace. The 
furnace was 6 m. long and the charge was on a bogie 4 m. long. 
The furnace was used at 580-680° C., and was heated by circulating 
the heating gas lengthwise through the chamber, but it was thought 
that a more even temperature distribution and better efficiency 
would be obtained by alterating the gas passages so that the gas 
would pass downwards over the charge. 

The Properties of Quenching Oils. J. A. Jones and W. W. 
Stevenson. (Second Report of the Alloy Steels Research Committee, 
Iron and Steel Institute, 1939, Special Report No. 24, Section 
IX., Part 5, pp. 269-277). Seven commercial quenching media 
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have been the subject of laboratory examination and test; in two 
cases, samples of oil after long-time duty in quenching were also 
available, and the test results show the type of deterioration to be 
expected in service. The methods of test are described, with brief 
notes on their value in connection with quenching oils. No hard 
and fast rule can be applied to decide the relative merits and demerits 
of quenching media. Each branch of quenching should be con- | 
sidered separately and the appropriate oil chosen from the results 
of volatility, viscosity, oxidation and the various other chemico- 
physical tests which may be applied to determine the expected 
behaviour of the oil in the heat-treatment shop. 

The Determination of the Specific Heat of Quenching Oils. W. C. 
Heselwood. (Second Report of the Alloy Steels Research Commit- 
tee, Iron and Steel Institute, 1939, Special Report No. 24, Section 
IX., Part 5, Appendix I., pp. 278-280). The author describes the 
‘measured heat input’ method used to determine the specific heat 
of quenching oils, giving a diagram of the apparatus, and explains 
the calculations and corrections which must be taken into acvtount 
when evaluating the results. 

Apparatus for the Determination of the Thermal Conductivity 
of Quenching Oil. LKzer Griffiths. (Second Report of the Alloy 
Steels Research Committee, Iron and Steel Institute, 1939, Special 
Report No. 24, Section [X., Part 5, Appendix II., pp. 280-282). 
The author describes the apparatus and procedure used for the 
determination of the thermal conductivity of quenching oil. 

Some Tests on Quenching Oils. T. F’. Russell. (Second Report 
of the Alloy Steels Research Committee, Iron and Steel Institute, 
1939, Special Report No. 24, Section IX., Part 6, pp. 283-298). Ex- 
periments on lines suggested by Speith and Lange have been made 
on the quenching of a silver ball in various quenching oils. With 
the thermocouple at the centre of the ball the cooling curves are 
readily reproducible to a high degree of accuracy and from this point 
of view the test may be described as a standard one. With a thermo- 
couple at the outside of the ball repeat tests agree well, but the cool- 
ing curves vary appreciably with the position of the couple on the 
surface of the ball. The effect of the initial temperature of the oil 
was studied. Tests on a small cylinder of a low nickel-chromium 
steel and on a sphere of austenitic nickel-chromium steel, with the 
thermocouple at the centre in both cases, showed that appreciable 
differences were obtained on repeat tests, and this was found to be 
due to differences in the nature of the scaled surface. The general 
theory of quenching is discussed. 

Quenching Tests in Various Media. G. Stanfield. (Second 
Report of the Alloy Steels Research Committee, Iron and Steel 
Institute, 1939, Special Report No. 24, Section IX., Part 7, pp. 299- 
318). The desirability of controlling rates of cooling in quenching 
operations from a high temperature for various purposes is discussed. 
A number of experiments are described in which the rate of fall of 
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temperature at certain positions within a cylindrical mass has been 
determined. The dimensions of this mass have been kept constant 
throughout the tests and the positions selected for temperature 
measurement were the centre and a position at four-fifths of the 
radius from the centre. In the later tests attempts were made to 
follow the actual change in surface temperature. 

Four different types of steel were used for the tests, and other 
variables introduced were the initial temperature, the nature of the 
surface of the specimen and the type of quenching medium. From 
the tests data were obtained and calculations were made of the rates of 
fall in temperature at certain stages during cooling and of the lag in 
temperature between interior and outer positions used for measure- 
ment. 

Some consideration is given to the conditions operating at and 
very close to the skin of the sample in the early stages of quenching, 
and certain deductions are drawn as to the relative importance of 
certain factors in controlling the initial rates of cooling. 

It is clearly brought out that different types of oil vary sub- 
stantially in their quenching properties and that the quenching effect 
is also largely affected by the type of surface, a scaled surface tending 
towards a more rapid quench. 

No definite connection has been at present established between 
the quenching properties of a medium and its physical and chemical 
characteristics. Attention is drawn to certain features affecting 
the choice of a standard form of quenching test. 

Testing Quenching Media and their Relation to Bain’s S Curves. 
I. Feszezenko-Czopiwski and J. Wilk. (Prace Badaweze Huty 
Baildon, 1939, Feb., No. 5, pp. 21-49). (In Polish). The authors 
give a detailed account of their investigation of the quenching of 
steel, with particular reference to the effects of different cooling 
velocities and different quenching media on the properties of the 
product. 
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WELDING AND CUTTING 


(Continued from pp. 284 a-287 a) 


The Welding of Grey Iron. C. Stieler. (Giesserei, 1939, vol. 
26, Feb. 24, pp. 82-88). The author describes the technique for 
repairing grey iron castings by oxy-acetylene and electric welding. 
He recommends that not just the defective area, but the whole 
casting, be slowly preheated to a dull red (about 600—700° C.), 
welded at that temperature, and allowed to cool slowly. Grey 
cast-iron welding rods to the following analysis should be used : 
carbon 3-4%, silicon 3-3-8%, manganese 0-5-0-8%, phosphorus 
0-4-0-8%, sulphur below 0-1%. In conclusion he discusses the 
cost of repairing broken castings by welding. 

Metallurgical Miscellanea—The Welding of High Tensile Steels. 
R. Smallman-Tew. (Electric Welding, 1939, vol. 8, Feb., pp. 
80-83). The author considers some of the metallurgical principles 
which must be taken into account when electrically welding high 
tensile steel. He refers particularly to the extent to which the weld 
metal picks up carbon from the parent metal. 

Arc Welding in the Drop-Forging Industry. F. P. Weisbeck. 
(Heat Treating and Forging, 1939, vol. 25, Feb., pp. 65-67). The 
author describes some examples of the manner in which electric 
welding can be used with advantage for the maintenance of dies 
for drop forging. 

Welded Coated Steel. W.Spraragen and G. E.Claussen. (Weld- 
ing Journal, 1939, vol. 18, Feb.,. Supplement, pp. 33-43). The 
authors present a review of the literature to July 1937 on the welding 
of steel coated with different metals, including zinc, nickel, tin, 
chromium, cadmium, aluminium, and copper. A bibliography of 
114 references is appended. 

Iron Castings versus Steel Fabrications. (Institute of British 
Foundrymen and Institute of Welding, Joint Meeting, Feb., 
1939: Foundry Trade Journal, 1939, vol. 60, Feb. 9, pp. 135-138 ; 
Feb. 16, pp. 160-164). A report is presented of a meeting at 
which representatives of the foundry and the welding industries 
discussed the relative merits of castings and welded articles and 
structures by comparing their mechanical properties, damping 
capacity, and corrosion resistance. 

Gases Help Steel. W.S. Walker. (Steel, 1939, vol. 104, Feb. 
27, pp. 40-43). The author describes some of the ways in which 
oxy-acetylene cutting and welding are used by the Otis Steel Co., 
Cleveland, Ohio, in the course of cutting scrap, maintenance, and 
repair work. These operations include cutting slabs, cutting up 
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skulls to charging-box size, repairing door frames for open-hearth 
furnaces, making conveyor links and sewer covers, and building 
up the worn teeth of gears. 

The Effect of Sulphur on the Welding of Steel. W. Spraragen 
and G. E. Claussen. (Welding Journal, 1939, vol. 18, Feb., Supple- 
ment, pp. 44-49). The authors review the literature to July 1937 
on the effect which the sulphur in steel has on its welding properties. 
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(Continued from pp. 294 a—304 a) 


Elastic Properties of Cast Iron. A. I. Krynitsky and C. M. 
Saeger, jun. (Journal of Research of the National Bureau of Stand- 
ards, 1939, vol. 22, Feb., pp. 191-207). The authors describe how 
they investigated the deflection under transverse loads of specimens 
of three qualities of cast iron bars, viz.: Iron A suitable for stove 
plates ; iron B, a medium cylinder iron ; and iron C, a soft iron for 
general castings. An optical method of measuring the deflection 
was used. They determined the modulus of rupture; the plastic, 
elastic, and total deflection ; the relative modulus of elasticity and 
the resilience, and studied the effects of superheating the iron to 
1400°, 1500°, 1600°, and 1700° C. for 1 min. before casting upon these 
properties. They found that the higher the temperature to which 
the iron had been heated the greater the transverse strength and the 
elasticity ; in general, the properties of iron A were more sensitive 
to variations in the above maximum heating temperatures than those 
of irons B and C. They also found that variations in the casting 
temperature had less effect upon the composition, mechanical pro- 
perties, and structure of the test bars than variations in the maxi- 
mum heating temperature. 

Further Researches on the Changes in Steel Below 400° C. Part 
I.—The Torsional Elastic Limit of Some Alloy Steels. C.T. Marshall 
and F.C. Thompson. (Second Report of the Alloy Steels Research 
Committee, Iron and Steel Institute, 1939, Special Report No. 24, 
Section VI., pp. 147-155). Variations in the torsional-elastic- 
limit/temperature curves have been investigated for a number of 
materials. The results obtained confirm those of Goffey and Thomp- 
son in 1923. The curve for a cold-drawn, medium-carbon steel is in 
close agreement with those previously found for annealed materials. 
It would appear, therefore, that cold-work is not responsible for 
any of the abnormalities observed. 

A 0:3% carbon, 3% nickel steel was examined in some detail. 
For the as-received condition the curve was of exactly the same 
general type as those for plain carbon steels. By magnetically 
screening the specimens from the field due to the furnace winding it 
was shown that no major change in the general shape of the elastic- 
limit/temperature curve was produced. The material was then 
annealed for about 16 hr. in an X-ray vacuum. The resulting 
curve showed a somewhat marked change from that previously 
obtained for the undegassified steel, but well-defined abnormalities 
were still present. In particular, the low value at 120° C. did not 
appear to be appreciably affected. 
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An austenitic nickel-chromium steel of the Staybrite type was 
examined and distinct abnormalities were revealed, though the 
curve differs appreciably from the general type obtained with 
pearlitic steels. 

In order to obtain some information regarding the influence 
of the magnetic change point on these curves, fairly pure nickel 
wire was investigated. The results obtained confirm the views 
held by certain other workers that these abnormalities are not 
confined to ferrous materials. The magnetic change point of the 
nickel is clearly revealed by a pronounced fall in the elastic limit, 
which is possibly reflected in the curve for the nickel-chromium 
steel. 

Quality of Steel in Relation to its Hot-Working Properties. H. A. 
Dickie. (Midland Metallurgical Societies, Feb. 24, 1939: Tron and 
Coal Trades Review, 1939, vol. 138, Mar. 3, pp. 405-406). The 
author discusses and compares the properties of steels manufactured 
in different ways. He presents a table which shows that the out- 
put of a strip mill using basic-Bessemer steel is considerably greater 
than when rolling open-hearth steel, thus demonstrating that the 
former is more malleable. He considers also the welding properties 
of rimming and killed steels, the ageing of carbon steels, and the 
effects of adding copper to steel. (An abridged version of this 
paper appeared in Metallurgia, 1939, vol. 19, Mar., pp. 185-186). 

A Fatigue-Testing Machine for Producing Alternating Torsional 
Stresses. E. Erlinger. (Métaux et Corrosion, 1939, vol. 14, Jan., 
pp. 11-14). The author describes an electric testing machine called 
a “ Torsator,”’ which is capable of applying alternating torsional 
stresses over a frequency range of 1200-3000 per min. The machine 
can be used for testing complete crankshafts for motor-car or aero- 
plane engines, or for ordinary straight specimens. 

Silicon Carbide Additions to Cast Iron. J. A. Boyer. (Metals 
and Alloys, 1939, vol. 10, Jan., pp. 8-12; Feb., pp. 59-63). The 
author examines the effects of additions of silicon carbide on the 
hardness and machinability of cast iron as these effects differ from 
those brought about by ordinary additions of silicon and carbon. 
He describes the changes in structure during the process of graphit- 
isation of grey pig iron containing different quantities of phosphorus, 
and reproduces micrographs which demonstrate the effect of treat- 
ing high-phosphorus iron with silicon carbide. The effect on the 
mechanical properties is to increase the tensile strength and the hard- 
ness without lowering the machinability. ) 

The Strain-Ageing of Dead-Mild Steel Strip used in the Pressing 
of Automobile Bodies and Accessories. J. W. Rodgers and H. A. 
Wainwright. (Iron and Steel Institute, 1939, this Journal, pp. 387 P- 
418). The influence of strain-ageing upon the tensile and pene- 
tration-hardness properties of five dead-mild steels has been in- 
vestigated. It is found that though the effect of ageing upon the 
hardness is a simple increase which other workers have noted, 

















PROPERTIES AND TESTS. 3614 


the tensile results, particularly those of percentage elongation do 
not follow the simple changes in hardness which take place. There 
is considerable evidence for the phenomenon of preliminary recovery, 
a change which takes place in the opposite direction to that usually 
associated with ageing, prior to the major ageing change. 

There appears to be a fundamental difference between hardness 
and elongation, these properties not exhibiting the degree of com- 
plementary relationship usually associated with them. Small 
fundamental differences are also observed between hardness and 
maximum strength. 

Normalising appears to increase the rate of strain-hardening 
and also produces a more erratic material than does annealing. The 
results of a few experiments on the ageing of subcritically quenched 
steel which had been subjected to cold-work are quoted. 

A Study of “ Strain-Age-Hardening’’ of Mild Steel. C. A. 
Edwards, H. N. Jones, and B. Walters. (Iron and Steel Institute, 
1939, this Journal, pp. 341 p-385 Pp). The paper deals with a study of 
the influence of cold-work produced by tensile strains, followed by 
ageing at 250° C., upon the tensile properties of mild steel. Particular 
consideration has been given to the effects of small amounts of cold- 
work, such as are normally produced at the yield stress of normalised 
materials, and subsequent ageing upon the newly acquired yield 
point. Under these conditions it has been found that the yield 
point after age-hardening is proportional to the yield point of the 
material in the original condition. This appears to be true for mild 
steels of widely differing chemical compositions ; but the presence 
of a comparatively large percentage of carbon causes a departure 
from this rule, because it diminishes the amount of ferrite which is 
present in the specimen. 

Much care has been devoted to the consideration of the possible 
influence of oxygen upon strain-age-hardening, but all the evidence 
indicates that this element has no effect when the specimens are 
strained under pure tensile stresses and aged at temperatures of, 
say, 250-300° C. It has been found that there is a linear relationship 
between the yield point of normalised mild steel and the size of the 
ferrite crystals present. Further, the amount of strain that takes 
place at the yield point is proportional to the magnitude of the stress 
at which yielding takes place. 

Attempts are made to show how these factors may be related, and 
tentative suggestions are put forward to explain them and the cause 
of strain-age-hardening. 

The Processes of Wear Produced by Friction between Dry Rubbing 
Surfaces. K. Dies. (Zeitschrift des Vereines deutscher Ingenieure, 
1939, vol. 83, Mar. 11, pp. 307-314). The author describes an 
investigation of the factors affecting the wear produced when a 
mild-steel block (carbon 0-04%) was pressed against a revolving 
dise of hardened chromium steel containing carbon 0-86%, silicon 
0-22%, manganese 0-38%, and chromium 1-64%. He found that 
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the amount of wear did not increase directly with increasing pressure, 
but that there were distinct peaks and troughs in the wear-pressure 
curve; the general shape of this curve was not affected by cold- 
working the specimen. He concluded that this fluctuating rate of 
wear was due to some change in process caused by catalytic action. 
The fluctuation was also noticeable in the curves for the temperature 
and the coefficient of friction, in the appearance of the surfaces, 
the composition of the débris and in the change of structure of the 
material. The author also undertook tests in rarefied air and in 
oxygen at atmospheric pressure which showed that the coefficient 
of friction was lowest in air and highest in oxygen. When using 
blocks of alloyed steel and cast iron, similar results were obtained. 
His general conclusion was that in the kind of wear investigated, 
the wear is due to a combination of mechanical and chemical- 
physical causes, and that the latter predominate in many cases. 

On Alloys of the Fe,NiAl Type with Additions of Titanium and 
Molybdenum for Permanent Magnets. I. Feszczenko-Czopiwski and 
L. Kozlowski. (Prace Badaweze Huty Baildon, 1938, Dec., No. 4, 
pp. 15-24). (In Polish). 

Nickel-Iron-Aluminium Permanent Magnet Alloys. W. Betteridge. 
(Iron and Steel Institute, 1939, this Journal, pp. 187 P—208 Pp). 
The magnetic properties and the conditions for the heat treatment 
of nickel-iron-aluminium magnet alloys have been systematically 
investigated for the simple ternary alloys, for alloys with additions 
of copper, and for the cobalt-containing alloys of the “ Alnico ” 
type. The variations of the magnetic properties and the optimum 
heat treatment with the composition are given in a series of diagrams. 
It is shown that the presence of carbon is very deleterious. Finally, 
an account is given of several investigations into the cause of the 
high coercivity of the alloys by X-ray diffraction methods. 

On the Longitudinal Magneto-Resistance Effect at Various 
Temperatures in Iron-Silicon Alloys. Y. Shirakawa. (Science 
Reports of the Téhoku Imperial University, 1939, vol. 27, No. 3, 
pp. 255-277). The author investigated the changes in the electrical 
resistance of specimens of iron-silicon wire containing from 0-05% 
to 22% of silicon at various temperatures in the range —195° to 
+850° C. He found that the resistance decreased as the silicon 
content increased and that the change in resistance of alloys con- 
taining more than 9-43% of silicon was negative for all temperatures 
and magnetic fields, and has a minimum value at below room 
temperature. 

The Influence of High-Frequency Electric Currents on the 
Properties of Steel. A. G. Quarrell, R. Jackson, and N. J. Petch. 
(Second Report of the Alloy Steels Research Committee, Iron and 
Steel Institute, 1939, Special Report No. 24, Section VII., pp. 157- 
165). The influence of high-frequency electric currents upon 
surface carburisation, ageing, tensile and impact strengths and grain 
size has been studied for a number of steels and frequencies. In no 
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case was it possible to attribute a definite effect to the high-frequency 
current, and, although the investigation was not exhaustive, the 
frequencies and magnitudes of the currents employed covered such 
a wide range that it can be concluded that if a high-frequency current 
can have a beneficial influence upon the properties of steel, then 
the frequency must be very critical and will be determined by the 
particular conditions employed. 

Note on Discontinuities in the Resistance-Temperature Curves of 
Commercially Pure Iron and Steel. C. Sykes and F. W. Jones. (Iron 
and Steel Institute, 1939, this Journal, pp. 435 p-442 Pp). Relative 
measurements of the temperature coefficient of the electrical re- 
sistance of commercially pure iron and steel have been made in the 
temperature range 50° to 450° C. The results show that the discon- 
tinuities in the temperature coefficient over temperature intervals of 
3° C. are of the same order as the experimental error, 7.e., +2%. 
This conclusion is in agreement with the work of Burgess and Kell- 
berg but not with that of Thompson and his collaborators. 

The Interpretation of Thermal Curves and Some Applications to 
Ferrous Alloys. T. F. Russell. (Iron and Steel Institute, 1939, 
this Journal, pp. 147 P-176P). Fora theoretical study of the qualita- 
tive and quantitative interpretation of thermal curves, it was first 
assumed that the heat-content/temperature curve was known. 
Three simple types of reaction are considered: A phase change 
taking place at constant temperature, a phase change taking place 
over a range of temperature, and a simple hypo- or hyper-eutectoid 
type of reaction. 

Time-temperature and inverse-rate curves are deduced for cooling 
under each of two conditions : Cooling in surroundings at constant 
temperature, and cooling in a furnace which is itself cooling linearly 
with time. ; 

It is shown that a “ peak ” on an inverse-rate curve may be due 
to either an abrupt increase in specific heat or an evolution of heat at 
constant temperature. In the first case, the relative size of the peak 
is independent of the rate of cooling ; in the latter case the relative 
size of the peak varies appreciably with the rate of cooling, becoming 
smaller as the rate of cooling becomes slower. A decrease in specific 
heat gives a peak in the opposite direction, but in practical curves 
this may be mistaken for a peak indicating an increase in specific heat. 
The theoretical deductions are then applied to a number of inverse- 
rate curves obtained on a nickel-chromium steel. 

Some theoretical heat-content /temperature curves for iron-carbon 
alloys have been drawn, using the best available numerical values of 
the heat evolved during the y > « change and the y > « + Fe,C 
eutectoid change. 

The Physical Properties of a Series of Steels. 1.—Total Heat at 
Various Temperatures up to 950° C. J. H. Awbery and A. Snow. 
2.—Coefficient of Expansion. G. G. Sherratt and A. R. Challoner. 
3.—Thermal Conductivity and Electrical Resistivity. R. W. Powell 
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and M. J. Hickman. (Second Report of the Alloy Steels Research 
Committee, Iron and Steel Institute, 1939, Special Report No. 24, 
Section IX., Part 3, pp. 215-251). The subject of the paper is a series 
of twenty-two representative steels, of which eight are carbon steels 
(one being of eutectoid composition), eight are alloy steels and the 
remaining six are high-alloy steels. The specific heats and total 
heats up to 900° C. have been measured for the first group, together 
with the thermal conductivities and electrical resistivities of all 
except the eutectoid steel up to about 300° C., and the coefficients 
of expansion to at least 1000° C. for the seven carbon steels other 
than that of eutectoid composition. 

The total heats have been measured by an electrical adiabatic 
method which allows the apparent specific heat to be determined 
continuously as the temperature of the specimen is raised at a rate 
of about 3° C. per min. The results show little divergence between 
the total heats of the different steels at 900° C., though the distri- 
bution of this heat over the temperature range varies markedly. 

The coefficients of expansion show less detail in the transforma- 
tion region at a temperature of about 730° C. than do the total- 
heat results. In general, the coefficients of expansion are greater for 
the low-carbon steels at low temperature, become roughly independent 
of the carbon content when measured over the range 0-600° C., and 
finally reverse so that the steel of highest carbon content has the 
greatest coefficient of expansion over the range 0-1000° C. 

The method used for the thermal-conductivity measurements 
was that of longitudinal heat flow, the electrical resistivity being 
determined from the potential drop in the same specimen at the 
same time. The thermal conductivity is greatest for the purest 
iron, and in this case shows a fall with increasing temperature. 
As the proportion of alloying constituents is increased the con- 
ductivity decreases and its rate of change with temperature becomes 
smaller, so that the high-alloy steels show an increase of conductivity 
with increasing temperature. The electrical resistivity always 
increases with temperature, and in general increases with the 
complexity of the steel. 

A Survey of Existing Data on the Thermal and Electrical Con- 
ductivities of Irons and Steels. R. W. Powell. (Second Report 
of the Alloy Steels Research Committee, Iron and Steel Institute, 
1939, Special Report No. 24, Section IX., Part 4, pp. 253-267). Exist- 
ing data for the thermal and electrical conductivities of irons and 
steels are surveyed. It is shown that, whereas at normal tem- 
peratures there is about a ten-fold difference in their conductivities, 
at 800° C. most materials of this type possess thermal conductivities 
lying between 0-05 and 0-08 g.-cal. per sq. cm. per sec. for 1 cm. 
thickness and 1° C. difference in temperature, and electrical con- 
ductivities lying between 8-0 x 10? and 9-5 x 108 reciprocal ohms 
per centimetre cube. 

At low temperatures many of these materials deviate considerably 
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from the Wiedemann-Franz-Lorenz law. With increase of tem- 
perature these deviations diminish, and between temperatures of 
500° and 800° C. the values so far determined for the Lorenz function, 
when the conductivities are expressed in the units mentioned 
above, all lie between 0-64 x 10-8 and 0-77 x 10-8. 

When the thermal conductivity, K, is plotted against the product 
of the electrical conductivity, o, and the absolute temperature, 7’, 
the majority of the points fall within 12°% of the line represented 
by K = 0-625 x 10-8c7' + 0-006. Considerable departures occur, 
however, for cast irons containing carbon in the form of graphite, 
and for one variety of stainless steel. Further experiments may 
reveal other exceptions, but for many varieties of irons and steels the 
curve furnishes a means of predicting to within about 10% the value 
of the thermal conductivity at any temperature from a measurement 
of the electrical conductivity at that temperature. In this way 
probable values have been obtained for the thermal conductivity 
of iron at temperatures considerably in excess of those at which 
experimental determinations have yet been made. 

Application of Steel to Operations at High Temperature. T. M. 
Jasper. (Metal Progress, 1939, vol. 35, Feb., pp. 160-163). 
The author comments on the variation in the results of tests 
made to determine the ultimate strength and the yield point of 
steels at elevated temperatures, and describes the methods he 
uses to obtain data concerning steel for plant which is to operate 
at up to 1000° F. One method is to take several specimens of the 
steel and, at a definite temperature, load each to a constant stress 
until either failure occurs or the load is maintained for a very 
long time without failure. The times taken for failure to occur and 
the test stresses for each specimen are plotted ; the value of stress 
obtained from that portion of the curve parallel to the time axis 
represents the stress that the steel can carry for an indefinite period 
of time. To determine the ultimate yield point a number of 
specimens of the steel are subjected to increasing loads at the same 
temperature but at different rates of load increment, and their 
limits of proportionality are plotted against the time intervals at 
which the loads are increased ; the constant value which this curve 
approaches is sometimes called “ the long-time limit of proportion- 
ality.” This curve shows that the limit of proportionality is 
higher for the more rapid rates of loading, and approaches a constant 
value as the time between load increments is increased. 

The Mechanical Properties at High Temperatures of the Rustless, 
Corrosion- and Heat-Resisting Steels. A. Farnik and St. Kulinski. 
(Prace Badaweze Huty Baildon, 1939, Feb., No. 5, pp. 65-74). 
(In Polish). The authors describe the corrosion- and heat-resisting 
steels manufactured in Poland, and investigate the influence of 
alloying elements on the properties of such steels. They come to 
the following conclusions: (1) Steels containing high percentages 
of chromium with and without nickel have better mechanical 
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properties than those with only small additions of non-ferrous 
metals; (2) the addition of 2% of molybdenum to the 18/8 steels 
produces a marked improvement in their properties ; (3) the addition 
of about 1-5% of titanium to a molybdenum-bearing steel is beneficial, 
and the two elements improve the creep limit, especially at tem- 
peratures up to 600° C.; (4) steels containing nickel 18% and 
chromium 25% have excellent mechanical properties and low 
coefficients of expansion; and (5) corrosion-resisting chromium 
steels have excellent mechanical, properties at 450—500° C., but at 
600-900° C. these are inferior to those of austenitic chromium-nickel 
steels. 

The Composition of Plates for Tanks, High-Pressure Boilers and 
Autoclaves, and their Resistance to Temperatures in the Range 
20-600° C. I. Feszczenko-Czopiwski, W. Koss, and J. Glatman. 
(Prace Badaweze Huty Baildon, 1939, Feb., No. 5, pp. 51-63). 
(In Polish). The authors examine the effect of additions of alloying 
elements on the properties of steel with special reference to creep 
resistance, and present several tables and graphs showing the com- 
position and mechanical properties of many steels used for high- 
pressure steam boilers. Their conclusions are as follows: (1) 
Low-alloy steels not containing molybdenum have not very good 
heat-resisting properties ; (2) the addition of 0-20-0-30% of molyb- 
denum increases the tensile strength at high temperatures of steels 
containing 0-20-0-25% of carbon to a marked degree, especially 
when 1% of chromium is also present; (3) the addition of 0-5- 
0-6% of molybdenum to a 0-1% carbon steel does not further 
improve its heat-resisting properties ; and (4) the addition of copper 
instead of chromium lowers the heat-resistance of steel in the 
temperature range 300—600° C. 

The Effect of Nitrogen Additions and Heat Treatment on the 
Properties of High-Chromium Steels. E. W. Colbeck and R. P. 
Garner. (Iron and Steel Institute, 1939, this Journal, pp. 99 p-136 P). 
This paper describes the results of experiments carried out with a 
view to overcoming the normal brittleness and coarse grain size of 
high-chromium steels. A technique has been developed for alloying 
nitrogen with chromium steels containing between 21 and 28% of 
chromium. The preparation of a nitrogen-rich “ temper ”’ alloy of 
iron and chromium and the subsequent manufacture of ingots 
of high-chromium steel from this material are described in detail. 

It has been found that the optimum nitrogen content of these 
steels is of the order of one-hundredth of their chromium content ; 
if such an amount is exceeded there is a marked tendency for the 
ingots to become unsound and gassy, owing to the release of nitrogen 
on solidification. 

The heat treatment of these nitrogen-bearing high-chromium 
steels has been studied. It has been found that improved toughness 
and ductility can be obtained by quenching steels containing between 
22-5 and 28% of chromium from between 1100° and 1200° C., pro- 
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vided that nitrogen is present. A further marked improvement is 
obtained by adding 34-14% of nickel to such steels. The heat 
treatment recommended by American workers in this field does not 
produce the desired toughness and ductility. 

The microstructures of a large number of alloys have been 
examined after different heat treatments. This has shown that a 
duplex « + y field exists at high temperatures in the Fe-Cr-C_N, 
system. Quenching from this phase field results in the retention of 
a plain ferrite-plus-austenite structure after treatment ; this struc- 
ture coincides with the best toughness and ductility in these steels. 

It has been confirmed that additions of nitrogen to these high- 
chromium steels have a marked refining action on their grain size. 

Experiments have been carried out on the heat-resisting pro- 
perties of 23-28% chromium steels, and it has been found that 
nitrogen additions are valuable in inhibiting grain growth at 1100° C. 
and in preventing embrittlement after exposure to such conditions. 

During the course of the investigation it was repeatedly observed 
that additions of nitrogen followed by the correct heat treatment 
improved the machinability of these high-chromium steels. 

Titanium and its Effect upon Iron and Steel. I.—A Summary of 
Published Information. L. Northcott. (Second Report of the 
Alloy Steels Research Committee, Iron and Steel Institute, 1939, 
Special Report No. 24, Section V., pp. 107—143). This paper 
is a review of the literature of titanium and its effect upon iron 
and steel. The first part deals with the preparation of pure 
titanium and the manufacture of titanium alloys, and an account 
is given of investigations on the constitution of the iron-titanium 
and iron-carbon-titanium systems. With up to 30% of titanium, 
which corresponds with a compound Fe,Ti, the iron-titanium 
system is eutectiferous ; a y-loop ts formed and the solid solubility 
of titanium in «-iron is approximately 6% at the eutectic tem- 
perature, but is sufficiently less at atmospheric temperature to 
allow of precipitation-hardening. The second part of the paper 
describes the known effects of titanium upon the physical and 
chemical properties of iron and steel. The improvement in the 
mechanical properties obtainable by additions of titanium may be 
offset by the presence of titanium nitride or oxide formed as a result of 
unsuitable melting conditions. Although the corrosion-resistance of 
iron is only slightly improved by titanium, additions to the corrosion- 
resisting steels have proved very beneficial, on account of the 
powerful carbide- and ferrite-forming action of the titanium. 

Effect of Titanium and Vanadium on Forged Pearlitic Manganese 
Steel. G. F. Comstock. (Iron Age, 1939, vol. 143, Feb. 16, pp. 
27-32). The author reports on an investigation of the effects of 
additions of titanium and vanadium on the physical properties of low- 
carbon steels containing 1-56-1-83% of manganese. The general 
conclusions were that whilst vanadium has a hardening effect, 
titanium has a softening effect, and that the beneficial effect of 
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titanium on the ductility and impact strength is always greater than 
that of vanadium. The effect of additions of these elements and 
different normalising and tempering temperatures on the steel is 
demonstrated by four series of graphs. 

The Effect of Arsenic on Steel. (Metallurgist, 1939, vol. 12, 
Feb. 24, pp. 3-7). An abridged English translation of the paper by 
E. Houdremont, H. Bennek, and H. Neumeister which appeared in 
Technische Mitteilungen Krupp, Forschungsberichte, 1938, No. 6, 
July, pp. 101-119, is presented. (See Journ. I and §.1., 1988, 
No. II., p. 166 a). 

Recent Developments in Alloy CastIron. C.0O. Burgess. (Trans- 
actions of the Electrochemical Society, 1938, vol. 74, pp. 6-15). 
The author points out that as research during recent years has supplied 
information on the means of improving the properties of cast iron, 
this material is now replacing steel in some particular applications. 
He illustrates this by discussing the improvement which small 
additions of chromium impart to the tensile strength, compressive 
strength, wear resistance, hardness, and creep resistance of cast iron. 

Second Report of the Alloy Steels Research Committee. (Iron 
and Steel Institute, 1939, Special Report No. 24). This Report 
by a Joint Committee of the Iron and Steel Institute and the British 
Iron and Steel Federation comprises 390 pages, and is divided into 
thirteen sections, the first of which consists of a brief introduction, 
followed by a summary of the whole Report. In Section II. the 
delta region of the iron-nickel constitutional diagram is dealt with. 
The scaling of steels in sulphur-free and sulphur-containing furnace 
atmospheres is considered in Section III., whilst Section IV. con- 
tains an account of a study, by the electron-diffraction method, of 
oxide films on iron. Section V. is divided into two parts, one 
dealing with the occurrence and preparation of titanium, and the 
other with the effects of titanium on the properties of steel. In 
Section VI. researches on the changes in steel below 400° C., with 
special reference to the torsional elastic limit of some alloy steels, 
are reported. The influence of H.F. electric currents on the 
properties of steel is dealt with in Section VII., and Section VIII. 
comprises a paper on the influence of the alloying element on the A, 
point in iron-cobalt and other alloys. Section IX. comprises the 
second report of Sub-Committee A, Thermal Treatment. This 
section is in seven parts, the first four of which deal with the thermal 
analysis and the thermal and electrical conductivities of irons and 
steels, whilst in the remaining three parts the testing and properties 
of quenching media are considered. In Section X. the Hair-Line 
Crack Sub-Committee make a preliminary statement on their 
investigations of the causes of “ hair-line cracks” or ‘‘ snow flakes ” 
in ingots. Section XI. gives a preliminary account of certain in- 
vestigations into the scientific basis of corrosion-fatigue. Section 
XII. contains a description of some recent work on the inter- 
mediate transformation in alloy steels. Finally, Section XIII. 
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contains a description of a dilatometric study of the isothermal 
transformation of unstable austenite in alloy steels. 

Abstracts of the papers constituting this Report will be found in 
the appropriate sections of this Journal. 

Chromium-Molybdenum Steels. (Metallurgist, 1939, vol. 12, Feb. 
24, pp. 13-15). Asummary is presented of the results of the investi- 
gations of A. Pomp and M. Hempel, and of A. Pomp and A. Krisch 
in which the properties of chromium-molybdenum steels are com- 
pared with those of steels containing nickel. (See Journ. I. and §.1., 
1938, No. I., p. 37 A, and 1938, No. II, p. 322 a). 

British Standard Specification for Steel Tubular Traction Poles 
(Circular Cross Section). (British Standards Institution, No. 8, 
Revised 1939). 

British Standard Specification for Malleable Cast Iron and Cast 
Copper Alloy Pipe Fittings (Screwed B.S.P. Taper Thread) for Steam, 
Water, Gas, and Oil. (British Standards Institution No. 143-1938). 
This specification supersedes No. 143-1922 and No. 154-1922. 

British Standard Specification for Grey Cast-Iron Conduit Boxes 
for Electrical Wiring. (British Standards Institution, No. 820-1938). 

British Standard Specification for Mild Steel Drums for Inflammable 
Liquids. (British Standards Institution, No. 829-1939). 
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(Continued from pp. 305 a-308 a) 
Photomicrography in Colour. W. F. Chubb. (Metallurgia, 
1939, vol. 19, Feb., pp. 113-115). After explaining the principles 
of the Dufay process of colour photography and its characteristics, 


the author describes the developing, reversing, and fixing technique. . 


He reproduces three micrographs in colour of specimens of heat- 
tinted cast iron, two at 150 diameters and one at 500 diameters, 
and gives particulars of the light filters used and the times of 
exposure. He also gives some general advice on the application of 
this process to metallurgical work. 

The Examination of Metal Surfaces.—The Finch Electron Diffrac- 
tion Camera. (Metal Industry, 1939, vol. 54, Mar. 3, p. 267). 
The specification and a diagram of the Finch electron diffraction 
camera with a three-stage mercury vapour diffusion pump are 
presented. This instrument has been developed for the examination 
of metal surfaces. 

Metallurgical Polishing. (Metal Industry, 1939, vol. 54, Feb. 

24, p. 243). A brief description with two drawings is given of an 
automatic machine for polishing metallographic specimens. The 
polishing disc in this machine is attached to a vertical rotating shaft 
driven through a worm, worm wheel, and belt by a }-h.p. electric 
motor. Different classes of material can be handled at speeds best 
suited to them, as the machine can be run at 137-5, 275 or 412-5 
r.p.m. 
The Physics of Metals. P. Malaval and P. Bernard. (Mémorial 
de l’Artillerie Francaise, 1938, vol. 17, No. 65, pp. 3-31; No. 67, 
pp. 457-484). The extent of the knowledge of the constitution of 
materials and the combination of results of experiments relating to 
the characteristics of the metallic state may be combined under the 
heading of the physics of metals. In this paper the authors outline 
this branch of scientific study, discussing in Part I. the constitution 
of the atom, its movement, and the relation of this movement to 
the thermal and electrical conductivity of metals and other solids. 
In Part II. they develop geometrical theories of the constitution 
of materials from the results of optical and X-ray investigations. 

Spheroidised Pearlitic Malleable. D.P. Forbes. (Iron and Steel 
Industry, 1939, vol. 12, Feb., pp. 292-296). The author discusses 
the retarding effect of manganese upon the formation of graphite 
in “ spheroidised pearlitic ” malleable iron. This paper also appeared 
in Transactions of the American Foundrymen’s Association, 1938, 
vol. 46, pp. 491-507. (See p. 121 a), 
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Repozt of the Inclusions Count Sub-Committee. (Eighth Report 
on the Heterogeneity of Steel Ingots, Lron and Steel Institute, 1939, 
Special Report No. 25, Section IX., pp. 305-322). Examination has 
been made of the reliability of quantitative methods of estimation 
of the grading of steel samples with reference to the inclusions 
content. Normal methods of counting the inclusions, e.g., the 
Fox and Firth-Brown methods, do not differentiate between large 
dangerous inclusions and small and less harmful ones, and there- 
fore the count should be supplemented by a general description 
of the nature of the inclusions present. Tests to ascertain the 
reproducibility of results were carried out on fifteen steels by 
different observers using both the Fox and Firth-Brown methods 
of counting. Considerable differences in the counts were obtained 
by different observers on each sample of steel and the following 
conclusions were arrived at : 

(1) Quantitative attempts to determine the amount and character 
of the non-metallic inclusions have been and continue to be invaluable 
to steelmakers as regards control of their own processes and improve- 
ment in the cleanness of their steels. 

(2) Such quantitative methods, even in the hands of experts, do 
not produce results sufficiently in agreement for inclusion counts to 
be incorporated in specifications and adopted for reception purposes. 

(3) With further study of technique some satisfactory method 
may be arrived at and efforts will be continued to achieve this 
end. 

In an appendix a series of abstracts from both British and foreign 
technical publications is presented ; these have been selected so as to 
form a survey of the history of the attempt to count and evaluate 
inclusions in steel. 

An Electron-Diffraction Study of Oxide FilmsonIron. R. Jackson 
and A. G. Quarrell. (Second Report of the Alloy Steels Research 
Committee, Iron and Steel Institute, 1939, Special Report No. 24, 
Section IV., pp. 65-104). After an introductory survey of the 
theory and technique of electron diffraction, its advantages and 
limitations are compared with those of X-rays and a number of 
recent applications are briefly described. The results obtained by 
the electron-diffraction examination of oxide films formed on 
Armco iron under controlled conditions in a high-vacuum furnace 
at temperatures up to 1200° C. are tabulated, and it is shown that 
under certain conditions the initial surface finish may determine 
the nature of the oxide film. Whilst there is much evidence in 
support of the view that the oxide examined at room temperature 
has the same structure as at the temperature of formation, on the 
other hand the fact that the patterns almost invariably correspond 
to Fe,O, suggests that this is not the case. Accordingly a technique 
for electron-diffraction examination at high temperatures was 
developed. Application of this technique showed that the oxide 
film formed on a 0-45% carbon steel was FeO above 450° C. and 
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Fe,0, below 440° C., and from the relative intensities of the FeO 
and Fe,O, rings in the composite patterns obtained between these 
two temperatures it could be inferred that the FeO —-+> Fe,0, 
transition was nearer 440° C. than 450°C. On Armco-iron specimens 
the oxide films were Fe,0, above the A, change point of iron and 
below 400° C., whilst in the intermediate temperature range the 
initial film had a new hexagonal structure, which, however, gave 
place to FeO with increasing film thickness. The hexagonal 
structure is believed to be imposed upon the initial oxide film by 
the «-iron with which it is in intimate contact, and the fact that it 
changes to Fe,O, outside the range from 400° C. to the critical tem- 
perature has enabled a tentative theory of oxide adhesion on iron 
to be put forward. 

ization. R.F. Mehl. (Metal Progress, 1939, vol. 35, 
Feb., pp. 156-159, 192-196). The author considers the process of 
recrystallisation in metals, a process by which the effects of cold 
work may be relieved. He points out that cold work includes not 
only plastic deformation at room temperature, but also deformation 
at higher temperatures as long as there is no recrystallisation. He 
explains the mechanism of slip and discusses the three changes 
which occur on annealing a cold-worked metal—namely, recovery, 
recrystallisation, and grain growth. He states that recovery is not 
a process of complete relief of stress, and, although its causes are 
not clear, recovery may be associated with the straightening of bent 
slip planes, and perhaps with the closing of microscopic cracks. He 
explains that recrystallisation is the continuous formation of nuclei 
of new crystals and the growth of these nuclei until the system 
consists wholly of the new grain structure. In this connection the 
author examines the factors which determine the grain size after 
recrystallisation. He defines the third change, grain growth, as the 
growth of grains in a completely recrystallised and strain-free 
structure. It is especially noticeable following the recrystallisation 
of severely deformed aggregates. 

On the Influence of the Primary Grains of Austenite on the 
Properties of Steel. I. Feszezenko-Czopiwski. (Prace Badawcze 
Huty Baildon, 1938, Dec., No. 4, pp. 1—15). (In Polish). 

On the Stability of the Primary Grain. I. Feszczenko-Czopiw- 
ski and B. Stegenta. (Prace Badawcze Huty Baildon, 1938, Dec., 
No. 4, pp. 30-34). (In Polish). 

The Widmanstiatten Structure of Ociahedral Meteoric Iron. 
S. W. J..Smith and J. Young. (Nature, 1939, vol. 143, Mar. 4, 
pp. 384-385). In meteoric nickel-iron alloys the Widmanstitten 
structure is shown most clearly when the nickel content lies approxi- 
mately between 7% and 14%. When there is less than about 
6-5% of nickel there is no Widmanstiatten structure, and the single 
component is known as “ kamacite ”’; when the nickel is in excess 
of 14%, there is an additional component known as “ taenite.” 
In this paper the authors discuss the results of their examination 
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of the composition and structure of kamacite and taenite by thermo- 
magnetic analysis and with X-rays. 

The Thermal Analysis of Twenty-One Steels and the Metallurgical 
Examination of Five Selected Steels. C. H. M. Jenkins, E. H. 
Bucknall, and G. C. H. Jenkins. (Second Report of the Alloy Steels 
Research Committee, Iron and Steel Institute, 1939, Special Report 
No. 24, Section IX., Part 2, pp. 181-214). This paper contains the 
results of determinations of heating and cooling curves on twenty- 
one steels which were submitted by the Thermal Treatment Sub- 
Committee. Varying rates of heating and cooling were used and cer- 
tain steels were investigated in more detail, including comparisons 
between rimming steel and solid steel of very low carbon content, 
and a detailed comparison between a nickel-chromium steel and a 
similar one to which molybdenum was added. The 13% manganese 
steel and the high-speed steel also received more detailed study. 
The selected alloy steels were examined microscopically as well as 
by thermal methods. 

The Inverse-Rate Curves of Steel No. 10. F. W. Jones and 
C. Sykes. (Addendum to Section IX. of the Second Report of 
the Alloy Steels Research Committee (Iron and Steel Institute, 
1939, Special Report No. 24); this Journal, pp. 537 p-547 Pp). 
The paper describes certain experiments carried out to provide 
further information regarding the heat evolved during the trans- 
formation in steel No. 10, the thermal analysis and metallurgical 
analysis of which (with other steels) were described in Part 2 of 
Section IX. of the Second Report of the Alloy Steels Research 
Committee. It is shown that at slow rates of cooling the lower 
arrest observed on the inverse-rate curve at 390°C. should be 
interpreted as marking the end of a transformation, as prediced by 
Russell. A modified cooling technique is suggested which could be 
employed in the investigation of transformations where the 
interpretation of the standard inverse-rate curve is not straight- 
forward. 

The Delta Region in Carbon Steels. C. H. Desch. (Eighth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section IV., pp. 27-30). The limits 
of the 8 region and of the peritectic transformation in pure alloys 
of iron and carbon have been accurately determined by Adcock. 
All the lower alloys containing up to 0-10% of carbon solidify 
entirely in the 8form. Alloys containing up to 0-51% of carbon de- 
posit 8 crystals first, which are then transformed by a peritectic 
reaction into the y phase. It has not so far been found possible to 
preserve the 8 crystals by quenching, and it remains to be deter- 
mined how far the structure of the steel after solidification retains 
evidence of the original 8 crystals. None of the ternary systems 
have yet been investigated with sufficient accuracy to fix the limit 
of the 3 region, but it may be assumed that those elements which 
form with iron systems containing a closed y loop will extend the 8 
field, although those elements which form stable and insoluble 
carbides may for that reason form exemptions. 
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The Intermediate Transformation in Alloy Steels. W. T. Griffiths, 
L. B. Pfeil, and N. P. Allen. (Second Report of the Alloy Steels Re- 
search Committee, Iron and Steel Institute, 1939, Special Report No. 
24, Section XII., pp. 343-365). Many alloy steels differ from carbon 
steels in that, when cooled continuously at such a rate that the pear- 
lite point is suppressed, they do not always give martensite or mixed 
martensite and austenite as carbon steels do, but may transform in 
the intermediate temperature range between 550° and 250° C. For 
this reason it is suggested that the two “ points ”’ seen on the cooling 
curve of a rapidly-cooled carbon steel should be designated Ar’ and 
Ar’, the three points sometimes seen on more slowly-cooled alloy 
steels being called Ar’, Ar’, and Ar’”’. 

The product of tie transformation in the intermediate temper- 
ature range (Ar’’) differs in mode of transformation and in micro- 
structure from that of the pearlite point on the one hand and that of 
the martensite point on tie other. The properties obtained from the 
intermediate product in the untempered or tempered condition 
differ from those of pearlite and from those of tempered martensite. 
Since it can be shown that transformation in the intermediate range 
is not unusual during commercial quenching operations, it is sug- 
gested that more information is required regarding the liability of 
alloy steels so to transform and the properties resulting from such 
transformation. 

The Determination of the Transformation Characteristics of 
Alloy Steels. N. P. Allen, L. B. Pfeil, and W. T. Griffiths. (Second 
Report of the Alloy Steels Research Committee, Iron and Steel 
Institute, 1939, Special Report No. 24, Section XIII., pp. 369- 
390).—A dilatometric method of studying the isothermal transform- 
ation of unstable austenite in alloy steels is described and it is shown 
how three transformation characteristics, namely, the period of 
induction, the transformation velocity and the completeness of trans- 
formation, can be deduced from the data obtained. The application 
of the method is illustrated by examining the effects of additions 
of nickel and chromium, separately and together, upon the trans- 
formation of steel containing 0-3% of carbon. 

The Influence of the Alloying Element on the A, Point in Iron- 
Cobalt and Other Alloys. J. W. Rodgers and W. R. Maddocks. 
(Second Report of the Alloy Steels Research Committee, Iron and 
Steel Institute, 1939, Special Report No. 24, Section VIII., pp. 
167-177). The lattice parameters of iron-cobalt alloys with up to 
70% of cobalt have been measured. They show, contrary to ex- 
pectation, a slight increase initially. There is a subsidiary maximum 
corresponding to an alloy with 48% of cobalt. Evidence has been 
obtained for the existence of an ordered lattice corresponding to 
FeCo. 

The effect of the abnormal initial increase in parameter on the 
« ==> y change has been discussed and has been generally applied 
to other iron alloys. 

The Constitutional Diagram of the Alloys of Iron and Nickel. 
Part I.—The Delta Region. C. A. Bristow. (Second Report of the 
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Alloy Steels Research Committee, Iron and Steel Institute, 1939, 
Special Report No. 24, Section IT., pp. 1-8). A portion of the iron- 
nickel constitutional diagram up to 15% of nickel and in the 
temperature range of 1550-1350° C. is defined. This region includes 
the 3-phase field, which at the peritectic temperature extends to 
34% of nickel, a duplex field extending to 45% of nickel, and a 
peritectic horizontal at 1512° C., which intersects the liquidus 
curve at 6-2% of nickel. The diagram is based on the results of 
thermal analyses carried out in a valve-energised high-frequency 
induction furnace, on alloys prepared from metals of high purity. 
An incidental determination on iron of high purity gives the melting 
point as 1533° + 5° C. and the 8~y transformation at 1388° + 5° C. 

A Study of a Nickel-Chromium-Molybdenum-Vanadium Steel 
Ingot. W.H. Hatfield. (Eighth Report on the Heterogeneity of 
Steel Ingots, Iron and Steel Institute, 1939, Special Report No. 25, 
Section V., pp. 31-36). A description is given of an examination of 
a 13?-ewt. ingot of nickel-chromium-molybdenum-vanadium steel 
to British Standard Specification S65 made in a very high taper 
mould. The ingot examined was one of the last to be cast from a 
total cast of 324 tons. The axial section was found to be free from 
both A- and V-segregates in the chill portion, and the degree of 
heterogeneity in the body of the ingot was very small, so that the 
steel in the usable portion of the ingot could be considered homo- 
geneous as regards chemical composition. 
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Pneumatic Integration of the Surface Roughness of Mechanical 
Parts. P. Nicolau. (Bulletin de la Société d’Encouragement pour 
l’Industrie Nationale, 1938, vol. 137, Nov.—Dec., pp. 423-431). 
The author describes a device used for determining the degree of 
roughness of steel surfaces, the data obtained being used in conjunc- 
tion with corrosion tests. The instrument is essentially a device for 
measuring fluctuations in air pressure. A feeler in the form of an 
orifice is placed on the surface being examined, and compressed air 
is supplied to it until a pressure is reached at which the air escapes 
from the end of a tube immersed in water. The pressure is raised 
until air escapes from the orifice owing to the roughness of the plate 
on which it rests, the difference between the two pressures is meas- 
ured, and is a function of the degree of roughness of the surface of the 
specimen. This is one of the instruments mentioned in the paper 
entitled ‘‘ The Application of the Micro-Geometry of Surfaces to the 
Study of Corrosion.” (See Journ. I. and §.I., 1938, No. II., p. 
249 a). 

Intercrystalline Cracking in Boiler Plates. C.H.Desch. (North- 
East Coast Institution of Engineers and Shipbuilders, Jan. 20, 1939 : 
Iron and Steel Industry, 1939, vol. 12, Feb., pp. 304-307). The 
author reviews the work which has been done in America, Germany, 
and at the National Physical Laboratory on the investigation of the 
causes of intercrystalline cracks in boiler plates. He compares the 
results which have been attained and comes to the following con- 
clusions : (1) This type of cracking is always associated with a high 
alkalinity of the water, and the method of protection when using 
such water is to maintain a ratio of sulphate to alkali above a certain 
value, depending on the working pressure ; (2) for this type of crack- 
ing to occur there must be (a) a condition of stress in the steel, 
(6) opportunities for the concentration of the solution in capillary 
spaces, (c) a state of high temperature ; (3) the cracks are not to be 
attributed to corrosion fatigue which produces cracks mainly through 
the crystals, not around them; and (4) both hydrogen and the 
deposit of iron oxide which is formed by the reaction play a part in 
the process, but the mechanism remains to be elucidated. 

Corrosion Protection of Refinery Equipment. J. A. Jamison. 
(Proceedings of the American Petroleum Institute, Nineteenth Annual 
Meeting, Chicago, Nov. 14-18, 1938, Section III., pp. 46-56). 
The author presents the result of a field survey of the problem of the 
corrosion of oil-refinery equipment in the important refining districts 
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of the United States. His study includes the corrosion of furnace 
tubes, towers, and heat exchangers used in crude-oil distillation, 
cracking, viscosity-breaking, petrol-recovery units, and distillate 
re-run units. The corrosion of smaller items, such as piping, 
valves, and pump parts, is not included. He considers the com- 
monly used methods of protection and the results obtained with 
them. An appendix of 22 pages contains tables of the data obtained 
by the survey. 

The Fretting Corrosion of Closely Fitting Surfaces. G. A. Tom- 
linson, P. L. Thorpe, and H. J. Gough. (Proceedings of the 
Institution of Mechanical Engineers, 1939, vol. 141, No. 3, pp. 
223-237: Engineer, 1939, vol. 167, Mar. 10, pp. 324-326; 
Mar. 17, pp. 355-356; Engineering, 1939, vol. 147, Mar. 10, pp. 
293-295). The authors report on an investigation at the National 
Physical Laboratory of the phenomenon of frettage corrosion. This 
is the mutual corrosion at the contact surfaces of closely fitting 
machine parts (see Journ. I. and §.1., 1938, No. II., p. 3304). The 
experiments were carried out on a Haigh alternating-stress machine, 
and the specimens were prepared in the form of annular rings 
mounted ona common shaft. The end-faces of the rings were ground 
flat and parallel, and formed the experimental surfaces. Tests 
were made, using rings of hardened steel, mild steel, stainless steel, 
brass, nickel, chromium, “ Y” alloy, and glass. The authors 
found that there was some corrosion in every case, and in general, soft 
materials showed more tendency to seize and less tendency to produce 
corrosion débris than the hard steel. From the results observed 
the authors conclude that the primary cause of fretting corrosion is 
of a mechanical rather than a chemical nature, and they give 
reasons for stating that the corrosion is due to attrition of the 
surfaces on a molecular scale, and not simply to a mechanical grind- 
ing or abrading effect. 

A Scientific Study of Corrosion-Fatigue. Preliminary Report 
on Experiments at Cambridge University. A. J. Gould and U. R. 
Evans. (Second Report of the Alloy Steels Research Committee, 
Iron and Steel Institute, 1939, Special Report No. 24, Section XI., 
pp. 325-342). During corrosion-fatiguetests on steel wires wetted with 
chromate-chloride solutions and subjected to cyclically reversed 
stresses in a Haigh-Robertson machine, the potential has been 
measured. A sudden fall of the potential indicates the end of the 
“ film-life,”’ and the moment of rupture the end of the “ wire- 
life.” Both film-life and wire-life are diminished by an increase of 
stress or chloride concentration, and increased by. an increase of 
chromate concentration up to a certain value. Winding with zinc 
+ gg without exclusion of the corrosive solution, increases the 
wire-life. 
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(Continued from pp. 248 A—249 a) 


Oxygen Determinations on a Series of Bath Samples Taken from 
an Acid Open-Hearth Furnace. G. KE. A. Bramley, W. R. Maddocks, 
and G. Tateson. (Eighth Report on the Heterogeneity of Steel 
Ingots, Iron and Steel Institute, 1939, Special Report No. 25, 
Section III., pp. 11-25). An investigation has been made of the 
oxygen contents of a series of bath samples taken from an acid 
open-hearth heat both by the vacuum fusion method and by the 
alcoholic iodine (churning) method. A complete history of the heat 
is included together with the analyses of the samples and the 
corresponding slags. The hydrogen and nitrogen contents of the 
samples are given as determined by the vacuum fusion method. 

Suggestions have been put forward to account for the apparently 
anomalous results obtained by the alcoholic iodine method for the 
amount of ferrous oxide present in the samples containing relatively 
large percentages of carbon. Finally, certain of the fractions 
determined by the alcoholic iodine method have been regarded 
separately; their variation throughout the heat is discussed and 
possible explanations are given. 

The Vacuum Fusion Method for the Determination of Oxygen, 
Nitrogen and Hydrogen in Steel. The Determination of the Oxygen 
Content of Surface Oxide Films. H. A. Sloman. (Eighth Report 
on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section VI., Part 2a, pp. 43-62). 
The improvements which have been made in the operation of the 
vacuum fusion equipment at the National Physical Laboratory since 
the publication of the First Report of the Oxygen Sub-Committee 
of the Committee on the Heterogeneity of Steel Ingots are recorded, 
and the critical examination of the method has been continued by 
means of capsules containing known weights of single and combined 
oxides. It has been shown that all the oxides likely to be found as 
inclusions in steel are quantitatively reduced. The use of the method 
has been extended to the determination of nitrogen and hydrogen in 
steel, and experiments are recorded which show that the method is 
capable of giving accurate estimations of nitrogen and hydrogen as 
well as of oxygen. An account is given of the applications of the 
method to the determination of the oxygen content of surface oxide 
films on pure iron. Figures are given for the weight of oxygen on the 
surfaces of clean specimens after various treatments. 

The Fractional Vacuum Fusion Method for the Separation of 
Oxides and Gases in Steel. T. Swinden, W. W. Stevenson, and G. E. 
Speight. (Eighth Report on the Heterogeneity of Stee! Ingots, 
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Iron and Steel Institute, 1939, Special Report No. 25, Section V1., 
Part 2B, pp. 63-84). An account is given of the development 
of the fractional vacuum fusion method for the separation of oxides 
and gases in steel. The results obtained by this method on a series 
of carbon steels, examined by other methods by the Sub-Committee, 
are recorded and indicate that fractional separation of the oxides 
gives a total oxygen result equal to that obtained in the direct 
vacuum fusion method. The results for the various fractions are 
compared with those obtained by residue methods and show that, 
with the exception of the manganous-oxide fraction, agreement 
between the fractional vacuum fusion and the residue methods is 
as good as that between the various residue methods themselves. 
The fractional separation of nitrogen is also noted and commented 
upon. Results obtained by the vacuum fusion method of inclusion 
analysis on a series of steels specially prepared to contain an excess 
of specified oxides indicate the validity of the separations, and these 
results are compared with those of a detailed examination by X-rays, 
analysis of residues extracted by the alcoholic iodine method, and the 
microscope. Limitations and advantages of the fractional vacuum 
fusion method are discussed. 

The Vacuum Fusion Method for the Determination of Oxygen 
in Steel. A Carbon-Spiral Vacuum Fusion Furnace as in Use at 
Sheffield University. G. E. A. Bramley and T. Raine. (Eighth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Insti- 
tute, 1939, Special Report No. 25, Section VI., Part 20, pp. 87- 
94). A description is given of a new type of vacuum fusion furnace, 
together with the associated pumping equipment. The method of 
operation is described, and records of a typical run of the furnace 
are included, together with details of the volume and composition of 
the “ blank ” generally obtained. : 

The Vacuum Fusion Method for the Determination of Oxygen in 
Steel. A Carbon-Spiral Vacuum Fusion Furnace as in Use at the 
Brown-Firth Research Laboratories. W. C. Newell. (Kighth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section VI., Part 2p, pp. 97-102). 
This paper gives an account of the apparatus which is in use at the 
Brown-Firth Research Laboratories for the determination of oxygen, 
hydrogen, and nitrogen in steel. The essential features of the appa- 
ratus are the robust all-steel construction, the efficiency of the 
pumping equipment, the comparative speed of working, and the 
automatic controls which simplify the mode of operation. 

_ The Aluminium Reduction Method for the Gravimetric Determin- 
ation of Total Oxygen in Plain Carbon Steels. N. Gray and M. C. 
Sanders. (Eighth Report on the Heterogeneity of Steel Ingots, 
Iron and Steel Institute, 1939, Special Report No. 25, Section 
VI., Part 3, pp. 103-108). A method for determining the total 
oxygen content of plain carbon and certain alloy steels is described. 
The steel sample is fused with an excess of pure aluminium at 1110° 
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C. in an atmosphere of hydrogen, whereby the oxygen-containing 
inclusions are reduced, the oxygen being recovered in the form of 
alumina, which is separated by chemical methods and weighed. 

Results obtained by this method are tabulated for steels of which 
the total oxygen content was determined by various co-operators, 
working with the vacuum fusion and other methods. Close agree- 
ment with the vacuum fusion method was obtained. 

Known quantities of the common oxygen-containing inclusions 
were added to steels of known oxygen content (as determined by the 
vacuum fusion method), and the oxygen was recovered in the form 
of alumina by this method. 

The Chlorine Method for the Determination of Non-Metallic 
Inclusions. E.W.Colbeck,S. W. Craven, and W. Murray. (Highth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Insti- 
tute, 1939, Special Report No. 25, Section VI., Part 4, pp. 109-120). 
Work has been carried out by the chlorine method on the deter- 
mination of non-metallic inclusions in plain carbon steels, lightly 
alloyed steels and cast iron. The method adopted is identical with 
that given in the Seventh Report on the Heterogeneity of Steel 
Ingots with certain minor modifications in technique and analytical 
procedure. In connection with plain carbon steels particular 
attention has been given to the effect of sulphur and phosphorus. 
While sulphides are completely broken down during chlorination, it 
has been found that very small amounts of phosphorus are retained 
in the non-metallic residues. A series of experiments on the 
determination of silica in chlorine residues from plain carbon steels 
is described. 

Although the work on lightly alloyed steels has been of a pre- 
liminary nature, the results indicate that no interference is encoun- 
tered with the elements nickel, copper, molybdenum, vanadium, 
and titanium when present in percentages such as those contained 
in the steels under review. Good results for total oxygen have been 
obtained on a steel containing 0-5% of chromium by raising the 
chlorination temperature to 500° C., but it is believed that this may 
not be necessary if certain treatments of the residue are employed. 

The experiments with grey cast iron have consisted mainly in 
attempts to avoid the retention of large amounts of manganese in 
the chlorine residues. These attempts have so far failed, and the 
position with regard to grey cast iron is therefore disappointing. 
It is possible that the method may be applicable to the determination 
of oxides in white irons which are free from graphite. 

The results indicate that the chlorine method when applied to 
plain carbon steels and certain steels of low alloy content is capable 
of giving total-oxygen figures in good agreement with those of the 
vacuum fusion method. 

The Determination of Non-Metallic Inclusions in Pig and Cast 
Iron by a Modified Aqueous Iodine Method. E. Taylor-Austin. 
(Eighth Report on the Heterogeneity of Steel Ingots, Iron and 





1 
Tro; 
Par 
the 
oxic 
are 
of t 
Oxy; 
solv: 
iodit 
influ 
time 
7 
Inch 
Rep 
1939 
Atte 
pig-it 
detai 
authc 
owing 
resid 
whicl 
and } 
oxide 
on th 
iodine 


g 
of 


s, 
C- 


she 


ng. 
jon 


ble 
the 


‘in. 
nd 








ANALYSIS, 381 A 


Steel Institute, 1939, Special Report No. 25, Section VI., Part 5, pp. 
121-140). Following unsuccessful attempts to apply the alcoholic 
iodine and the chlorine methods to the determination of non-metallic 
inclusions in pig- and cast-iron samples, attention was concentrated 
on the aqueous iodine method. By the application of mechanical 
stirring, the time occupied by the solution of the sample has been 
shortened from 48 hr. to 3 hr. for phosphoric irons. The usual 
treatment with an alkaline solution for the removal of the silicic acid 
has been modified to prevent the precipitation of iron. A further 
treatment has been devised which removes all but a trace of the 
phosphorus remaining inthe residue. In this method the phosphorus 
is present in the residue as iron phosphate only. The work is de- 
scribed in detail and results are given which show that this new 
method is the most accurate so far evolved for the determination of 
non-metallic inclusions in pig and cast iron. Experiments on joint 
samples of steel show that the results obtained by this new method 
are in good agreement with those obtained by other workers using 
alternative methods, i.e., alcoholic iodine, chlorine, and vacuum 
fusion methods. Some preliminary work on the behaviour of 
manganous oxide is also described. 

The Alcoholic Iodine Method for the Separation of Oxides in Steel. 
T.E. Rooney. (Eighth Report on the Heterogeneity of Steel Ingots, 
Iron and Steel Institute, 1939, Special Report No. 25, Section VI., 
Part 64, pp. 141-158). A description is given of improvements on 
the alcoholic iodine method and apparatus for the separation of 
oxides in steel. A “ boiling ” method and a “ percolation ” method 
are described. Work on the influence of phosphorus on the analysis 
of the residue has been carried out. The influence of dissolved 
oxygen in the alcohol and the oxide film on the millings, the use of 
solvents other than alcohol, the concentration of the alcoholic 
iodine solution, the examination of residues before ignition, and the 
influence of sulphides, of phosphorus, of special elements, and of the 
time of stirring are other details which have been investigated. 

The Alcoholic Iodine Method for the Separation of Non-Metallic 
Inclusions from Pig and Cast Iron. E. Taylor-Austin. (Eighth 
Report on the Heterogeneity of Steel Ingots, Iron and Steel Institute, 
1939, Special Report No. 25, Section VI., Part 6B, pp. 159-172). 
Attempts to separate the non-metallic inclusions from a series of 
pig-iron samples by the alcoholic iodine method are described in 
detail. The results obtained show that this method, as used in the 
author’s laboratories, was inapplicable to pig- and cast-iron samples 
owing to interference set up by the presence of phosphorus in the 
residues. Experiments carried out in order to discover the form in 
which this phosphorus remains suggest a mixture of iron phosphide 
and phosphate. Work on the behaviour of synthetic manganese 
oxide and sulphide is described in detail, together with experiments 
on the effects of making additions of water to the methyl-alcohol/ 
iodine solution. Other non-aqueous solvents for iodine have been 
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examined. A combination of the iodine and chlorine methods has 
also been employed, and these experiments provide valuable data on 
the behaviour of phosphides toward alcoholic iodine solution. 

Comparison of Methods Used in the Analysis of Non-Metallic 
Residues Obtained by the Iodine and Chlorine Methods. KE. W. 
Colbeck, S. W. Craven, and W. Murray. (Eighth Report on the 
Heterogeneity of Steel Ingots, Iron and Steel Institute, 1939, 
Special Report No. 25, Section VI., Part 74, pp. 173-175). With 
a view to comparing the different analytical procedures adopted 
in the analysis of non-metallic residues from steels obtained by the 
iodine and chlorine methods, a synthetic solution containing iron, 
aluminium, chromium, manganese, and phosphorus, in propor- 
tions approximating to those in an average non-metallic residue, 
has been prepared and analysed by several of the co-operating 
laboratories represented on the Oxygen Sub-Committee. It is 
satisfactory to note that all the methods of analysis proposed are 
capable of yielding accurate results. 

The Analysis of Chlorine Residues. E. W. Colbeck, 8. W. 
Craven, and W. Murray. (Eighth Report on the Heterogeneity of 
Steel Ingots, Iron and Steel Institute, 1939, Special Report No. 25, 
Section VI., Part 78, pp. 177-178). The analytical procedure used 
for chlorine residues outlined in the Seventh Report on the Hetero- 
geneity of Steel Ingots has been modified to allow of the determination 
of phosphorus. The colorimetric method used is described. 

A different method for the determination of chromium has been 
used, and details of this are given. 

The Analysis of Non-Metallic Residues Obtained by the Alcoholic 
Iodine Method. W.W.Stevenson. (Eighth Report on the Hetero- 
geneity of Steel Ingots, Iron and Steel Institute, 1939, Special 
Report No. 25, Section VI., Part 70, pp. 179-194). A co-operative 
scheme of analysis for alcoholic iodine method residues is described, 
a brief outline being as follows: (1) Separation and determination 
of silica. (2) Separation of iron, titanium and zirconium by means of 
cupferron and subsequent determination of (a) iron, colorimetrically 
by means of thioglycollic acid or gravimetrically by separation as 
sulphide in alkaline citrate solution, (b) titanium, colorimetrically 
by means of hydrogen peroxide or gravimetrically by cupferron, 
and (c) zirconium, gravimetrically as phosphate. (3) Separation 
and determination of aluminium, chromium, manganese, and 
phosphorus by one of three alternative procedures : 

Method I.—Separation of aluminium and chromium by 8- 
hydroxyquinoline in buffered acid solution (with subsequent 
colorimetric determinations of aluminium by aluminon and 
chromium by diphenylcarbazide), followed by colorimetric deter- 
minations of manganese using potassium periodate and of phos- 
phorus by reduction of phospho-molybdate. 

Method II.—Separation of aluminium, chromium, and (some) 
phosphorus by ammonium hydroxide precipitation (with subse- 
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quent determinations of chromium colorimetrically by diphenyl- 
carbazide and phosphorus volumetrically via phospho-molybdate ; 
aluminium by difference), followed by the gravimetric determina- 
tion of manganese using bromine and ammonium hydroxide and 
the volumetric determination of the remaining phosphorus via 
phospho-molybdate. 

Method III.—As in Method I., except the determination of 
phosphorus, which is conducted gravimetrically by the lead molyb- 
date method. 

Colorimetric methods for iron, titanium, aluminium, chromium, 
manganese, and phosphorus are described, in which the determin- 
ations are made using the Lovibond nessleriser or the Pulfrich photo- 
meter. In the case of the Pulfrich photometer, calibration curves 
are supplied. 

The X-Ray Examination of Non-Metallic Residues Obtained 
by the Alcoholic Iodine Method. A. H. Jay and W. W. Stevenson. 
(Eighth Report on the Heterogeneity of Steel Ingots, Iron and Steel 
Institute, 1939, Special Report No. 25, Section VI., Part 7p, pp. 
195-200). A study has been made of low-carbon steels in which 
specific types of non-metallic inclusions have been formed in pre- 
ponderating amount. Non-ignited residues obtained from these 
steels by the alcoholic iodine method have been examined by X-ray 
crystallographic methods, and the results of this examination are 
given, together with those for microscopical examination of the steels 
and chemical analysis of the ignited residues. The X-ray pattern 
has indicated the constitution of the crystalline non-metallic 
matter, and is, therefore, of assistance to other methods of examina- 
tion. 

Total Oxygen Content of a Series of Irons and Steels Examined 
by the Corrosion Committee of the Iron and Steel Institute. W. W. 
Stevenson and G. E. Speight. (Eighth Report on the Heterogeneity 
of Steel Ingots, Iron and Steel Institute, 1939, Special Report No. 
25, Section VI., Appendix, pp. 233-234). _A series of irons and steels, 
which are the subject of test by the Iron and Steel Institute Corrosion 
Committee, has been examined for total oxygen by the vacuum fusion 
process. The figures obtained are included in this report for com- 
parative purposes in view of the high oxygen contents of the irons 
compared with the much lower range of oxygen contents of com- 

mercial steels. 

On the Determination of Carbon in Iron by the Line C III 2296-8 A. 
A. Gatterer and J. Junkes. (Laboratorio Astrofisico della Specola 
Vaticana, Ricerche Spettroscopiche, 1938, vol. 1, July, pp. 1- 
24). (InGerman). The authors describe how they investigated the 
suitability of the spectrum line C III 2296-86 for the quantitative 
determination of carbon in iron. They divided the investigation 
into three parts, viz.: (1) The investigation of the position and 
appearance of the carbon line and its appearance in the nickel and 
the iron spectrum, and the determination of its wave length; (2) 
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ascertaining the effect of different conditions of electrical discharge 
_ upon the sharpness, intensity, and position of the carbon line; and 

(3) taking several series of spectrographs with spectroscopes of 
different dispersion in order to study the possibility, accuracy, and 
technique of determining the carbon in iron, and then comparing 
the results with those obtained by chemical analysis. 

Spectroscopically Pure Iron. I. A. Gatterer. (Pontificia Acad- 
emia Scientiarum, Commentationes, 1937, vol. 1, No. 3, pp. 77- 
88). (In German). The authors make a searching comparison 
of the spectra of the purest iron obtainable from English, German, 
and Austrian sources which shows that all of them are by no means 
pure spectroscopically. They present tables of all the impurity 
lines found and comment upon the accuracy of the chemical analyses 
submitted with the samples. 

Spectroscopically Pure Iron. II. A. Gatterer and J. Junkes. 
(Specola Astronomica Vaticana, 1938, Comunicazione No. 6, pp. 
3-30). (In German). The authors refer to the extraction of ferric 
chloride from a solution by means of ether and the use of this as a 
means of obtaining pure iron. The latter process consists of con- 
verting the chloride to oxide by heating in a pure iron dish, and then 
reducing the oxide with hydrogen to an iron powder which can be 
sintered. The authors find that the iron produced in this way 
contains 0-0005% of silicon and 0-0001% of copper. They present 
illustrations of the spectrum and compare this with the spectrum 
of pure iron as produced by the method described by H. E. Cleaves 
and J. G. Thompson of the National Bureau of Standards (see 
“ Preparation of Iron Oxide as a Source of High-Purity Iron,” 
Journ. I. and §.I., 1937, No. IT., p. 154 a). 

The Use of the Spectroscope in the Inspection of Ferrous Metals. 
A. Fisher. (Machinery, 1939, vol. 53, Mar. 16, pp. 745-753). After 
describing the spectroscope and explaining its principles, the author 
discusses its application to the inspection of ferrous materials for 
the determination of the various metallic alloying elements. He 
explains also its use with particular reference to steel, giving suffi- 
cient practical data to enable an engineer to install his own apparatus 
and to train his own operator. He presents maps of the various 
regions of the iron spectrum with superimposed alloy lines for the 
various alloying elements and explains their use. 

Some Applications of the Spectrograph to the Quantitative 
Analysis of Ferrous and Non-Ferrous Metals. F.G. Barker. (Iron and 
Steel Institute, 1939, this Journal pp. 211 P-245P). Brief references 
are made to the origin of spectroscopy, the principles of refraction 
and the early work done in Britain in connection with the applica- 
tion of the spectrograph to metallurgical analysis. A description 
of a modern large quartz spectrograph and an account of the work 
done in the Admiralty Laboratory, Sheffield, in connection with the 
development of spectrochemical methods for the quantitative analysis 
of steel and non-ferrous metals and alloys are given. The tech- 
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nique employed for the preparation of arc spectrograms for the 
estimation of impurities and minor constituents is described, also 
the methods of preparation and use of standard tables for the evalua- 
tion of spectrograms by the internal comparison method. 

Experiments which were made to extend the scope of spectro- 
chemical methods to cover the estimation of many of the 
constituents of alloy steels show that by employing spark 
spectrograms, and photo-electric methods for their evaluation, it is 
possible to make quantitative determinations of several elements 
with an accuracy closely approaching that obtainable by chemical 
analysis. Standard tables and graphs which are used for the evalua- 
tion of spectrograms and the range of steels to which they are 
applicable are shown. The technique adopted is fully described, 
and the effect of variations from the conditions which have been 
standardised is given. The latter covers variations in time of 
exposure, period, and temperature of development, use of old de- 
veloper, the physical condition of the sample, and the shape of the 
electrodes. The effect of heterogeneity in the sample under 
examination and steps being taken to obtain reliable results for 
“average composition” are described. It is also shown how 
spectrographic methods can be conveniently applied to the analysis 
of segregates. 

Examples are given to show the large saving in time effected 
by the use of spectrographic methods for the analysis of certain 
materials. 
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(Continued from pp. 310 A-315 a) 


Butwens, D. K., and the MeraLLuRGICAL STAFF OF THE BATTELLE 





Memoria Institute. “ Steel and its Heat Treatment. Vol. 
II. Engineering and Special-Purpose Steels.” Fourth edition, 
rewritten and reset. S8vo. pp. ix -- 491. Illustrated. New 
York, 1939: John Wiley and Sons, Inc.; London : Chapman 
and Hall Ltd. (Price 25s.) 


The first volume of this new edition of D. K. Bullens’ well-known 
book was reviewed in the February issue of this Bulletin. It was then 
pointed out that pressure of other work had prevented the original author 
from undertaking the substantial revision that was necessary to bring 
the book into line with modern knowledge and practice, and the staff 
of the Battelle Memorial Institute had accordingly accepted the task. 
This revision was found to require the inclusion of so much additional 
matter that it became necessary to increase the size of the work from 
one volume to two. The first volume was devoted to principles, 
processes, and control. The present volume is concerned with the 
composition, treatment, and properties of the numerous types of 
carbon and alloy steels now in use. As many of the best American 
sources have been utilised in collecting the data for this book, these may 
be accepted as complete and accurate, but the arrangement of the 
contents into sections, chapters, and sub-sections does not seem to 
follow any very clearly defined system. The first section begins with a 
chapter on the properties, treatment, applications, and general character- 
istics of carbon steels. This is followed by one on phosphorus, sulphur, 
lead, and free-cutting steels, and after that manganese structural 
steels, silicon steels, copper steels, nickel steels, chromium steels, 
molybdenum steels, and tungsten steels are considered in turn in 
separate chapters. This section, which has the general title ‘‘ The 
Simple Engineering Steels,” also includes a chapter on the assistant 
elements, aluminium, titanium, zirconium, vanadium, &c., and one on 
the comparison of alloying effects. ‘The second and third sections are 
entitled ‘‘ Engineering Steels of More Complex Composition” and 
‘* Special-Purpose Steels,”’ respectively, but there does not seem to be a 
very sharp distinction between the general methods of classification in 
these two sections. After a chapter on high-yield-strength low-alloy 
steels, the second section proceeds to deal in two chapters with the 
large class of medium-alloy steels used in the hardened and tempered 
condition, e.g., nickel-chromium, nickel-chromium-molybdenum, man- 
ganese-chromium, chromium-copper, chromium-vanadium, &c. There- 
after, except for chapters on steel castings and factors in the selection 
of structural steels, the material is mainly classified under the purpose 
for which the steels are used. Thus there are chapters on carburising, 
nitriding, spring, tool, magnet, and high- and low-temperature service 
steels. There is also a chapter on the austenitic steels, in which 
austenitic manganese and nickel-chromium steels, as well as several 
other types, are dealt with. ‘This volume is perhaps the first attempt 
that has been made to prepare a systematic account of the numerous 
types of steels now in use, and it clearly shows the great variety of 
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compositions and treatments that are available for producing com- 
ponents with properties that are adjusted as closely as possible to the 
conditions of service. It also shows, however, that the prevailing 
custom of classifying steels in different ways, 7.¢e., according to com- 
position, use, condition in which used, &c., make it difficult to deal with 
them in a systematic way. 

J. M. RoBERTSON, 


“ Deutsches Bergbau-Jahrbuch.” Jahr- und Anschriftenbuch der 


deutschen Steinkohlen-, Braunkohlen-, Kali-, und Erzin- 
dustrie, der Salinen, des Erdél- und Asphaltbergbaus 1939. 
Herausgegeben vom Deutschen Braunkohlen-Industrie- Verein 
E. V. Halle (Saale). 30 Jahrgang, bearbeitet von H. Hirz 
und Dr. Ing. W. Pothmann. 8vo. pp. xli+ 395. Halle 
(Saale) 1939: Verlag von Wilhelm Knapp. (Price 11-85 RM.) 


This publication is a directory of the firms constituting Germany’s 
entire mineral industry. The divisions of the industry covered com- 
prise coal-mining, potash and salt-mining, ore, slate and clay-mining, 
and the mineral oil and asphalt concerns. The constitution of the 
various firms is recorded with concise particulars of the directing 
personnel, output, equipment, and number of workpeople. The mem- 
bers of the various national and regional organisations are recorded 
along with the principal officials of the relevant ministries and super- 
vising bodies controlling the industry. Apart from the very short 
particulars included in the notes concerning the individual firms no 
technical information is given in the book. 

STEPHEN L. RoBERTON. 


Happan, R. “ Trade Marks and their Protection under the Trade 


Marks Act, 1938.” With Notes on Protection Abroad. 
Sm. 8vo. pp. vii -+ 128. London, 1938: Sir Isaac Pitman 
& Sons, Ltd. (Price 5s.) 


In the preface to this small book the author points to the value of 
trade marks, and to the importance of their protection from the point 
of view of those manufacturers, merchants, and traders who make use 
of them. This importance, indeed, needs little emphasis, but it is as 
well to recall that prior to the Trade Marks Act of 1938 serious dis- 
content had existed in regard to certain aspects of the laws then in 
force. It was, in fact, the agitation then arising which brought about 
the very extensive revisions embodied in the Act named. Among these 
alterations may be mentioned the fact that the new law now provides 
for the use of trade marks on the part of persons other than the principal 
or principals concerned, this need having arisen to satisfy the granting 
of trade-marks rights by parent companies to subsidiary undertakings, 
as is now common in modern commercial practice. A further modifica- 
tion concerns the connection between the trade mark and the goodwill 
of the business, and this new Act also provides a revised classification 


‘ of marketable goods for trade-mark registration purposes. It would 


seem, however, that, despite the many improvements embodied in the 
Act of 1938, certain doubts have arisen as to the use to which these new 
facilities might be placed, and it would appear also to be very difficult 
in practice to apply the provisions of this Act, on account of the fact 
that it is riddled with conditions and exceptions. These were originally 
intended to prevent possible abuses of privilege. The author has 
therefore considered it advisable to explain the difficulties likely to 
be encountered, this being the chief purpose of the book. In order 
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to carry this purpose into effect, it has been necessary first of all to 
provide sufficient explanation as to the nature of trade marks generally, 
and to point to the implications of ownership. The conditions for the 
granting of a trade mark are also dealt with briefly, as well as the 
procedure to be adopted during registration. The established methods 
for lodging appeals, oppositions, and amendments are adequately 
eovered, and the methods for the transfer of trade marks are also 
described. When infringements occur under such conditions as “‘ pass- 
ing off” or “ get-up,’’ the necessary remedies are given. A _ short 
chapter relating to the protection of trade marks in British Dependencies 
and in the Colonies, as well as in certain specified foreign countries, has 
been included to complete the work. It is here worthy of mention 
that the laws vary very considerably, and that in some instances the 
only protection available is that under the Common Law of the country, 
This small and inexpensive book represents a valuable addition to the 
author’s previous work dealing with “‘ Patents for Inventions,” and 
the one may in fact be considered complementary to the other. 
W. F. Cuuss. 


Kean, G. L. “ The Principles of Metallographic Laboratory Prac- 


tice.” First edition. 8vo, pp. xi + 359. Illustrated. New 
York and London, 1939: McGraw-Hill Publishing Co., Ltd. 
(Price 21s.) 


Although there is in existence a number of quite recent books on 
metallography and the closely related subject physical metallurgy, 
and many other books have been published in the past, this book 
takes a definite place in metallurgical literature, because it is devoted 
to a general account of the principles involved in the operations usually 
carried out in metallographic laboratories. By confining attention to 
metallography as distinct from physical metallurgy, to laboratory 
practice as distinct from the theory of alloys, and to principles as 
distinct from applications, the author has produced a book which 
differs from those already available, and it should prove useful to 
students and teachers of metallography, and to those in industrial 
metallographic laboratories. Except for a chapter on hardness testing 
and brief descriptions of magnetic and cupping tests in another chapter, 
the contents of this book are correctly described by the title. It 
begins with two chapters devoted respectively to the preparation and 
etching of specimens for microscopic examination. These are followed 
by a chapter on metallurgical microscopes and photo-micrography 
and another on the principles of photography. The next chapter deals 
with macroscopic examination, and is followed by the previously 
mentioned chapter on hardness testing. After this there is a chapter 
on special metallurgical tests, which includes descriptions of the methods 
of determining austenitic grain-size in steel, methods of determining 
grain size in non-ferrous metals, and a list of references on X-rays and 
their application. The last two chapters deal, respectively, with the 
principles and practice of pyrometers and thermal analysis. An 
extensive appendix contains tables of etching reagents for steel and non- 
ferrous metals, charts for the identification of the constituents in alu- 
minium alloys and inclusions in steel, hardness tables, millivolt- 
temperature tables, conversion tables, &c. 

J. M. ROBERTSON. 


MANCHESTER ASSOCIATION OF ENGINEERS. “ Some Episodes in the 


Manchester Association of Engineers.” A Series of extracts 
from the early Minute Books of the Association. Compiled 
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by A. C. Dean. 8vo, pp. 139. Manchester, 1938: The 
Association. 


The Manchester Association of Engineers was founded in 1856, 
and the extracts in this work present a picture of the Association’s 
early days and of engineering life in the Manchester district from its 
foundation up to 1900. Although the book is mainly of interest to 
members of the Association and to those connected with the engineering 
industry of the district, there is much to be found throughout its pages 
reflecting the progress of engineering knowledge. Some of the opinions 
held at that time on the properties and testing of iron and steel are 
worthy of note. At a meeting held in 1867 attention was drawn to the 
injurious effects of vibrations on ‘‘wrot’’ iron. One member had 
heard it said that electricity was the chief cause of crystallisation in 
‘‘wrot ’’ iron, while another had seen an experiment in which ‘‘ the 
electric fluid was passed through a }-in. rod until it was so hot as 
nearly to melt, a portion was tough and the other crystalline.” In 
1868 attention was drawn to the unreliability of the method of control 
in converter practice by judging the colour of the flame. For, as it 
was pointed out, ‘‘many persons were colour-blind without their 
knowledge of it, it was also true that your physical condition at different 
times of the day, or the changes in the atmosphere would alter the 
appearance of colour to such an extent as to render the results very 
uncertain.’’ Knowledge of the ageing of steel in 1862 is shown by 
an instance named by a speaker “‘ of a quantity of steel that was once 
condemned as being quite worthless by the late firm of Sharp, Roberts 
& Co., and which lay for a considerable time upon their hands. After 
some years had passed, this steel was again tried, and was then found 
to be of first rate quality. It was also stated that the best tool-makers 
in Sheffield boasted that no new house was able to make edge tools 
equal to the old Firm’s, because they worked from a stock of steel 20 
years old and, whenever a kar was used, another was got to replace it in 
the store after being duly labelled, &c., so that their usual stock of 
steel was always on hand. Several other instances were given of a 
similar kind to the above, but no satisfactory explanation was given 
why age improved the quality.” 


NriEzoLDI, Orto. ‘‘ Ausgewdhlte chemische Untersuchungsmethoden 
fiir die Stahl- und Eisenindustrie.” Zweite, vermehrte und 
verbesserte Auflage. 8vo. pp. viii-+ 175. Berlin, 1939: 
Verlag von Julius Springer. (Price 6-90 RM.) 


This small book covers the analysis of the usual materials examined 
in metallurgical laboratories and, in addition, gives methods for the 
analysis of some slags and minerals such as refractories and fuels. 
The book differs from others of its size and scope by including descrip- 
tions of a number of potentiometric titration methods, particularly 
for the estimation of steel-making elements. All the methods dealt 
with have been employed at the Rheinmetall-Borsig A.-G., in the 
laboratories of which the author is the director. The system adopted 
for steel analysis is to describe the procedure for the estimation of each 
element in turn, and at each stage where special precautions are to be 
observed, or where another element may interfere, the student is 
referred to an adjacent table of notes which deal with these difficulties. 
The instructions are concise and clear, and include only the minimum 
of chemical theory. In the non-ferrous section the elements are not 
considered individually, but as constituents of the more common 
alloys, and thus the isolation as well as the estimation of the various 
elements is given. This section covers the analysis of the usual alloys 
and the determination of the impurities in commercially pure metals. 
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The third section, on slags, refractories, ores, and fuels, is necessarily 
more restricted in scope, but it covers a considerable number of the 
more frequent estimations. A final chapter describes the preparation 
and standardisation of the solutions required for volumetric analysis. 
The amount of information given is surprisingly large for the size of the 
book, and as a laboratory manual for works chemists it would be 
difficult to suggest any modifications. 
STEPHEN L. RosBerron. 


Purre, J. ‘ Walzwerkswesen.” Dritter Band. Herausgegeben 





von J. Puppe. (Handbuch des Eisenhiittenwesens. Heraus- 
gegeben im Auftrage des Vereines deutscher Eisenhiittenleute). 
La 8vo, pp. xv + 669. Illustrated. Diisseldorf, 1939: 
Verlag Stahleisen m.b.H.; Berlin: Verlag Julius Springer. 
(Price 72 RM. for foreign purchasers.) 


This fine volume concludes the work on rolling-mill practice pub- 
lished in three parts by the Verein deutscher Eisenhiittenleute, under 
the editorship of J. Puppe, assisted by a number of distinguished 
German metallurgists. For the purpose of the work, the field of steel 
rolling has been divided into a number of reasonably distinct sections, 
the first volume covering matters of general and theoretical interest, 
and the two later volumes dealing with the various rolling operations. 
Thus, though the whole subject has been covered exhaustively, it is 
possible to study, in any one volume, the matters dealt with there 
without feeling the necessity to refer to other volumes. This in- 
dividuality of the parts is possibly accentuated by the fact that the 
different branches of rolling practice have been dealt with by various 
experts, so that each section is reasonably complete in itself. The 
first chapter of the third volume is on universal mills and rolling, and 
the second chapter covers the rolling of heavy and medium plates. 
These chapters are comparatively short, but they include descriptions 
of the appropriate rolling and furnace plant and accessory apparatus, 
and details of the rolling processes. The third chapter, on the rolling 
of sheets, is much longer, and contains, in addition to a very detailed 
consideration of the rolling equipment and technique, several sections 
on the further treatment of sheets, such as pickling, annealing, gal- 
vanising, and tinning, and particulars of the rolling of sheets of special 
steels. The very comprehensive treatment of the subject in this 
chapter has been achieved by the collaboration of six specialists in the 
various processes involved. The following chapter describes the pro- 
duction of seamless tubes, and here the descriptions of plant are ex- 
ceedingly detailed and complete, and will enable British readers to 
learn the principles underlying the various modifications of the tube- 
rolling process usually referred to simply by name. In this connection 
it may be of interest to note that the name of the so-called ‘‘ Pilger” 
mill is derived from the reciprocating motion of the tube, similar to 
the mode of advance used by pilgrims at a religious ceremony at 
Echternach in Luxemburg. The mill should presumably be called a 
‘* pilgrim ” mill in this country. The fifth chapter describes the rolling 
of steel tyres and wheels, and the sixth and longest chapter deals with 
the cold rolling of steel. This section, by A. Pomp and W. Lueg, is a 
textbook in itself, as it covers systematically every aspect of the cold- 
rolling process, both theoretical and practical, and concludes with the 
consideration of the heat treatment, surface treatment, and testing 
of cold-rolled steel. This inadequate account of the contents of the 
volume must suffice here. Books dealing with rolling mills and the 
mechanical treatment of steel have never been very numerous, but here 
is the final volume of a work that will render superfluous for some time to 
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come any further additions to the literature of the subject. The scope, 
detail, and authority of the work place it on a very high plane of ex- 
cellence, and it can be said that the printing, illustrations, and binding 
are equal to the high standard set by the text. 

STEPHEN L. ROBERTON. 


TrpBENHAM, L. “‘ T'he Welding of Cast Iron by the Oxy-Acetylene 


Process.’ Sm. 8vo. pp. viii-+ 88. Illustrated. London, 
1939 : Sir Isaac Pitman & Sons, Ltd. (Price 4s.) 


As the title of this book shows, it is devoted exclusively to the oxy- 
acetylene welding of cast iron, justification for its publication resting 
upon the fact that very little has been written on this subject. Accord- 
ing to the author, this is due to its not having been adopted as yet in 
large-scale production, but, as is well known, oxy-acetylene welding has 
nevertheless been used for many years in the Salvage Departments of 
several large automobile works in this country and abroad for the 
reclamation and repair of cracked or damaged castings, which would 
otherwise represent a fairly big monetary loss. In the early days of 
its adoption for this and other purposes the results obtained largely 
depended on the skill of the welder, and although scientific study has 
undoubtedly brought many improvements in oxy-acetylene welding 
practice, it is ultimately on the skill and knowledge of the operator that 
success depends. The improvements derived from the application of 
scientific research results have been concerned with heat-treatments 
necessary for the attainment of sound joints with minimum distortion, 
a study of flame and the local melting of metals, as well as to the 
development of suitable welding-rods. The results of these studies are 
embodied in modern practice as described in this book, but the practical 
welder will also derive considerable benefit from the more theoretical 
considerations of the subject here given. The work has, in fact, been 
written to appeal more particularly to the operator, and for this reason 
it has heen written in an appropriately practical manner. The chapters 
provided cover nearly every aspect of the oxy-acetylene process. The 
book opens with a short description of the many varieties of cast iron, 
and gives adequate attention to certain important ancillary questions, 
such as grain growth, thermal expansion, and the production and 
development of internal cracks under the influence of temperature 
changes. In succeeding chapters the author has dealt with the 
preparation of joints for welding, gases and gaseous mixtures used in 
flame-welding operations, and systems of oxy-acetylene welding. 
Under the last heading descriptions are given in fair detail of the 
equipment necessary in both low-pressure and high-pressure welding, 
and the considerations governing their choice are discussed. Blowpipe 
technique and the formation of leftward and rightward welds form the 
subject of a later chapter, while a section of special interest is that 
devoted to welding rods and their selection, a question of primary 
importance in the welding of cast irons. The final chapters deal with 
the so-called low-temperature welding of cast iron and with the older 
method of bronze welding. The author has attempted to combine the 
practical with the theoretical in order to combine them into a composite 
whole and, considering the size of the book, must be congratulated 
on his achievement. In this effort he has been supported by the 
experiences of several named individuals and firms of pre-eminence 
in matters relating to oxy-acetylene welding. W. F. Cruse. 
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